Effect of Carnitine on the Disposition of Alcohols by Ruark Brothers, Robin Ann
University of Tennessee, Knoxville 
TRACE: Tennessee Research and Creative 
Exchange 
Doctoral Dissertations Graduate School 
12-1989 
Effect of Carnitine on the Disposition of Alcohols 
Robin Ann Ruark Brothers 
University of Tennessee, Knoxville 
Follow this and additional works at: https://trace.tennessee.edu/utk_graddiss 
 Part of the Home Economics Commons 
Recommended Citation 
Ruark Brothers, Robin Ann, "Effect of Carnitine on the Disposition of Alcohols. " PhD diss., University of 
Tennessee, 1989. 
https://trace.tennessee.edu/utk_graddiss/3838 
This Dissertation is brought to you for free and open access by the Graduate School at TRACE: Tennessee 
Research and Creative Exchange. It has been accepted for inclusion in Doctoral Dissertations by an authorized 
administrator of TRACE: Tennessee Research and Creative Exchange. For more information, please contact 
trace@utk.edu. 
To the Graduate Council: 
I am submitting herewith a dissertation written by Robin Ann Ruark Brothers entitled "Effect of 
Carnitine on the Disposition of Alcohols." I have examined the final electronic copy of this 
dissertation for form and content and recommend that it be accepted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy, with a major in Human Ecology. 
Dileep S. Sachan, Major Professor 
We have read this dissertation and recommend its acceptance: 
Jane R. Savage, Donita L. Frazier, Walter R. Farkas, Roy E. Beauchene 
Accepted for the Council: 
Carolyn R. Hodges 
Vice Provost and Dean of the Graduate School 
(Original signatures are on file with official student records.) 
To the Graduate Council: 
I am submitting herewith a dissertation written by Robin Ann Ruark Brothers entitled 
"Effect of Carnitine on the Disposition of Alcohols." I have examined the final copy of 
this dissertation for form and content and recommend that it be accepted in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy with a major in 
Human Ecology. 
We have read this dissertation 
and recommend its acceptance: 
�p/�� 
Dileep S!Sachan, tfajorProfessor 
Accepted for the Council: 
Vice Provost and 
Dean of the Graduate School 




Presented for the 
Doctor of Philosophy 
Degree 
The University of Tennessee, Knoxville 
Robin Ann Ruark Brothers 
December 1989 
DEDICATION 
I dedicate this dissertation and the completion of this degree to the glory of God the 
Father, the name of Jesus Christ and the power of the Holy Spirit. 
i i 
ACKNOWLEDGMENTS 
I am indebted to those faculty members of the University of Tennessee who have 
assisted me in this degree. I am especially grateful to Drs. Dileep Sachan, Roy Beauchene, 
Jane Savage, Donita Frazier and Walter Farkas who served on my committee. I also 
extend thanks to Dr. K. Davis Lin of Meharry Medical College who served on my 
committee while he was at the University of Tennessee. I express gratitude to Dr. John T. 
Smith who encouraged me to attend the University of Tennessee and pursue this degree. I 
acknowledge the kind assistance of Dr. William Sanders and Mr. John Schneider in the 
statistical analysis and generation of figures. 
I extend heart felt thanks and good wishes to my fellow graduate students and 
colleagues, among them Drs. Wanda Dodson, Paul Su, Tae Rhew, Robert Berger and also 
to Randall Mynatt whose support and assistance was much needed. 
I deeply thank my husband, John, for his loving support and my parents for instilling 
in me the value of education. I especially thank my father, Roger D. Ruark for paving the 
way for a doctorate in our family. I also extend thanks to my mother and father-in-law for 
their encouragement and skill in raising a fine son to be a fine man. I thank my extended 
family at The King's Chapel Outreach Ministries in Knoxville, Tennessee for their prayer, 
counsel and instruction in life that enabled me to continue. 
Finally, I am grateful to the University of Tennessee for financial assistance and the 
people of Tennessee for the opportunity to pursue this degree. 
iii 
ABSTRACT 
Male Sprague-Dawley rats, 300-500g, were fed Purina rodent chow with or without a 
supplement of 0.5 % L-carnitine (CS or NS groups) for 5-7 days, after which they were 
given a single oral dose of methanol (2.25 g/kg), isopropanol (2.0 g/kg), ethylene glycol 
(5.56 g/kg), or ethylene glycol (5.56 g/kg) followed by ethanol (3.0 g/kg) 1 hour later in 
aqueous solutions. Serial blocxi and urine samples were collected over time and analyzed 
for the respective alcohols by gas chromatography. The data were subjected to 
pharmacokinetic analysis and statistical analysis. 
There was significant reduction in blocxi methanol concentration in the CS group at 2 
and 4 hours which was supported by the kinetic analysis: a lower area under the blood 
methanol curve, a lower absorption slope to the peak blocxi concentration and longer time 
to reach the peak concentration. The urinary excretion of methanol was significantly 
increased in the CS group at 2 and 4 hours post dosing. 
There were no significant differences between the NS and CS groups for blood 
isopropanol concentrations at all time points. Following isopropanol administration the 
urine output was significantly higher in the CS than the NS animals which was reflected 
in higher total isopropanol excretion in the urine of the CS group . Urinary clearance of 
isopropanol was significantly higher in the CS than the NS group. Acetone appearance in 
blood was not significantly affected by carnitine, however, the excretion of acetone in the 
urine was enhanced due to higher urine volume of the CS group. 
Blood ethylene glycol concentration cmves were not significantly different between the 
NS and CS groups. Camitine supplementation did not increase the urinary excretion of 
ethylene glycol or the urinary volume following ethylene glycol gavage. 
Ethanol administration following a dose of ethylene glycol resulted in a higher blood 
ethylene glycol concentration and more rapid elimination of ethylene glycol from the hlood 
iv 
of the CS animals compared to that from the NS animals. There were no differences in the 
urinary volumes or concentrations of e�thylene glycol between the NS and CS animals. 
However, there was a marked rise in the urinary clearance of ethylene glycol in the CS 
group compared to the NS group. There were no differences in the blood ethanol 
concentration curves or urinary ethanol excretion of the NS and CS animals when ethanol 
was given after ethylene glycol. 
It is concluded that supplementary L-carnitine offered protection against accumulation 
of methanol, isopropanol and ethylene glycol with ethanol in the early phase of their 
appearance in blood via increased urinary clearance of these alcohols. 
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The future of research in nutrition and toxicology is leading towards the study of the 
interactions of naturally occurring agents and toxicants. These naturally occurring agents 
may be so called inert substances such as fibers in plant foods or the products of 
fermentation as are found in dairy products or spirit beverages. The toxicants may be 
pesticides, environmental pollutants, voluntarily ingested legal or illegal drugs or even 
naturally occurring toxicants such as solanine, an alkaloid found in potatoes. 
In this light, research into the interactions of carnitine, a naturally occurring vitamin 
B type compound, and aliphatic alcohols was undertaken. Aliphatic alcohols are common 
industrial solvents, heat exchange fluids and anti-freezes and starting frameworks for 
complex organic synthesis reactions. These alcohols are unknowingly consumed in wines 
and liquors. Rum, brandy and whisky may contain 100-400 mg/di of aliphatic alcohols 
other than ethanol (1). These alcohols are the result of alcoholic fermentations and add the 
characteristic flavors and bouquets to wines and brandies. Methanol is also present in 
amounts up to 0.36 mg/di in brandy as a result of the fermentation of pectin (1). 
The higher alcohols and methanol are also consumed knowingly by ethanol abusers 
as cheap or readily available substitutes. Isopropyl alcohol (2-propanol) rubs are common 
as a medicinal treatment for fever conditions and thus the alcohol must be metabolized by 
an already compromised body after absorption through the skin. Ethylene glycol (1,2,­
ethanediol), a common anti-freeze, is used in space modules and automobiles. Vapors and 
liquid ethylene glycol are potential hazards for domestic animals and humans. 
These alcohols as well as ethanol ( ethyl alcohol) have become common 
environmental pollutants in the industrialized world. Ethanol has been extensively studied 
for its interactions with nutrients including camitine. It has been reported that 
supplementary camitine lessened fatty infiltration of the liver following ethanol intoxication 
in the rat model (2). This effect of camitine was dose dependent (3) and appeared to be 
mediated by an attenuation of ethanol metabolism (4). In light of these observations it was 
hypothesized that supplemental camitine may also protect against the toxic effects of other 
aliphatic alcohols. 
Therefore the objectives of this timely study were: 
1. to determine the effects of supplemental carnitine on the metabolism and 
disposition of methanol, isopropanol and ethylene glycol. 




REVIEW OF LITERATURE 
2, 1 Toxicolo&y of Alcohols 
2, 1.1 Methanol 
Wimer et al (5) outlined the major symptoms and pathologies.of methanol poisoning 
shown in Table 2.1. There are differences between the species in the severity of the 
intoxication and nature of the symptoms. These are directly related to the metabolism of 
methanol. 
2.1,2 Isopropanol 
Isopropanol toxicity is marked by many symptoms in various animals and they vary 
with the route of administration. In chickens and rabbits inertia and collapse resulted and 
cats immediately entered stupor. The effect of isopropanol on dogs and monkeys was not 
as severe with drowsiness, nausea and vomiting being the primary symptoms. Chronic 
inhalation in rats produced symptoms of hemorrhage in the sinuses and hyperplasia of the 
spleen with some liver damage (6). Nordmann et al (7 ,8) also showed an increase in 
hepatic triglycerides with acute isopropanol administration. 
2,1,3 Ethylene Glycol 
Ethylene glycol is widely used as an anti-freeze and heat exchange fluid. Its use in 
automobiles, machinery and space modules makes the possibility for human and animal 
intoxication great Ethylene glycol produces a central nervous system (CNS) depression 
and induces severe renal injury and renal failure. The ethy1e-ne glycol itself produces the 
3 








Less early intoxication 
followed by symptomless 
latent period,then sickness 
and death. 
Nonprimates 
6-10 times the equivalent 
human dose in rodents and dogs. 
Severe and early intoxication 
with narcosis, lasting until 
death.Narcosis is 
predominant symptom. 
In many cases, partial or Early pupillary changes and 
complete blindness corneal opacification following 
accompanied by eyeground exposure and keratitis 
changes such as Eyeground changes not 
hyperemia of the optic seen in nonprimates. 
discs and venous engorgement. 
Often severe acidosis 
(CO2-combining capacity 
less than 20 % ) 
Rarely occurring and only at 
near lethal or lethal doses. 
Source: Wimer et al (1983) Alcohols Toxicology. Noyes Data Corporation, Park Ridge, 
New Jersey (ref. 5) 
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CNS depression but metabolites of ethylene glycol, glycolic and glyoxylic acid , produce 
CNS damage and nephrotoxicity. Oxalic acid crystals , also formed from ethylene glycol 
have been found in brain tissue and kidneys following intoxication in humans and animals 
( 10). Increased lactic acid levels caused by the disruption in cellular metabolism and formic 
acid , another metabolite, contributes to metabolic acidosis (9). Treatment of ethylene 
glycol poisoning is multifaceted. Ethanol is administered as a competitive inhibitor of 
alcohol dehydrogenase to decrease the formation of metabolites of ethylene glycol. Sodium 
bicarbonate is used to treat the acidosis and calcium is administered to treat the muscle 
spa sms caused by chelation of calcium with oxalate. Dialysis is effective in removing more 
unchanged ethylene glycol as is the induction of diuresis (9, 10). 
2,2 The Metabolism of Alcohols 
The metabolism of aliphatic alcohols has been investigated for well over a century. 
Lu twak-Mann ( 1 1) studied the early preparation techniques for alcohol and aldehyde 
mutase (dehydrogenase) using horse liver. These studies first investigated the 
requirements of cofactors, coenzymes and methods of protein precipitation. The horse 
liver enzyme system was also compared to the yeast system. The ability of the enzyme 
preparations to metabolize various alcohols was tested by the reduction of methylene blue . 
The results are summarized in Table 2.2. 
Since that time Forsander (12) found that horse liver alcohol dehydrogenase (ADH) 
oxidized 1-butanol faster than ethanol but did not utilize methanol or 2-propanol. The 
slow reaction of methanol with ADH was first thought to be due to poisoning by 
formaldehyde but only large quantities of acetaldehyde and formaldehyde could inhibit the 
enzyme ( 11 ). Methanol did not inhibit ethanol metabolism except in the yeast ADH ( 1 1 ). 
5 
Table 2.2 Reduction of Methylene Blue as a Result of the 










1 min 35 sec 
2min 





* C6f4(0H)CH20H ortho hydroxy benzyl alcohol 
Source : Lutwak-Mann, C. ( 1938) Alcohol dehydrogenase of animal 
tissues. Biochem. J. 32: 1364- 1374 . ( ref.1 1) 
Catalase, microsomal oxidizing systems and glucuronidation are all non-ADH 
pathways for alcohol metabolism but vary in importance with the alcohol and the animal. 
Figure 2. 1 shows the metabolic scheme of ethanol in the hepatocyte as an illustration of the 
linked nat ure of ADH and non-ADH pathways for alcohol metabolism. Catalase and 
oxidases capable of generating hydrogen peroxide exist in both the soluble and particulate 
fraction of the hepatic cell. Within the particulate fraction catalase and several oxidases 
reside in the microbodies or peroxisomes (1 3, 14 ). 
Excretion of unchanged alcohol in the expired air or urine is also considered to be a 
relatively minor means of disposition. Slight changes in excretion of unchanged alcohols 
have been considered heretof orc clinically insignificant. Depending on the body load of the 
alcohol , the toxicity of the alcohol itself and the toxicity of metabolites, mechanisms for 








HYPERURtCEMIA • 1 
• DIET ARY PROTEINS 
Figure 2. 1 .  Oxidation of ethanol in the hepatocyte. The broken lines indicates pathways 
depressed by ethanol, brackets denote interference and multi-arrows indicate 
stimulation or activation. 
Source: Lieber, C.S.  et al (1987) Metabolism of and metabolic effects of ethanol, including 
interaction with drugs, carcinogens and nutrition. Mutation Res. 186: 201 -223 (ref. 15) 
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2.2. 1 Methanol Metabolism 
As was shown in Table 2. 1 there is a difference in the metabolism of methanol 
between primates and nonprimates. Humans and other primates utilize ADH for oxidation 
in a reaction requiring oxidized nicotinamide adenine dinucleotide. Nonprimates utilize a 
catalase peroxidase system (Figure 2.2) 
The catalase reaction takes place in the following stages. 
Catalase + H202---1•� CatalaseH202 + RCH20H • 
very rapid reaction Complex I rapid second order reaction 
CatalaseH202,RCH20H ---1•� Catalase + 2 H20 + RCHO 
relatively unstable aldehyde 
Ethanol and methanol have equal reactivity with Complex I ( 16, 17). The metabolic 
scheme of methanol was developed with the use of 3- amino 1 ,2,4-triazole (AT) which is 
known to bind irreversibly to Complex I and thus inhibit catalase. This binding caused a 
90% reduction in hepatic and renal catalase activity and reduced the methanol oxidizing 
capacity in rats by 70% ( 16). In monkeys, AT also reduced the catalase activity but 
methanol metabolism was not significantly effected because primates do not utilize catalase 
to metabolize methanol (18) (see Table 2. 1). The H2Ch needed for methanol metabolism 
in the rat is contributed primarily by urate oxidase (14). 
The rate of metabolism of a lg/kg intraperitoneal (i.p.) dose of methanol in rats was 
constant during the first 28 hours at 24 mg/kg-hr (16). By 36 hours 77% of the dose had 
been recovered as CO:i and 24% had been excreted unchanged, divided equally between 














de hydro genase 
Aldehyde dehydrogenase 
Formic Acid 
Folate dependent / 
one carbon oxida.tion / 
Urine 
Figure 2.2. Oxidation of methanol in primates and non-primates. 
After Wimer et al (1983) Alcohols Toxicology. Noyes Data Corporation, Park Ridge, New 
Jersey (ref.5) 
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being excreted by renal and pulmonary routes and 1/3 being oxidized. The oxidation of 
methanol follows first order kinetics when the dose is less that 1 g/kg ( 16). 
2,2.2 Metabolism of Isqpmpanql 
Isopropanol is metabolized and excreted by the following mechanisms (1 ). 
1. Oxidation to acids, aldehydes, ketones and CO2 and their elimination in 
urine and expired air. 
2. Conjugation with glucuronic acid and excretion in the urine. 
3 .  Excretion of unchanged isopropanol in air and urine. 
Kamil ( 1) defines a simple scheme for the metabolism of a branched chain alcohol . 
/ 
RR'CO (reversible ketone formation) 
RR'CHOH 
� RR'CHOC6if906 (glucuronic acid conjugate) 
Conjugation reaction gain importance with the branching of the alcohol and therefore 
conjugation reactions proceed as tertiary alcohols > secondary alcohols > primary alcohols 
while oxidation reactions proceed in the reverse order (1) . In rabbits given a 50 mmol/kg 
oral dose of isopropanol, 10.2 % of the dose was excreted as the glucuronic acid conjugate 
( 1 ) . 
The exact metabolic pathway for isopropanol has been difficult to deduce. No 
qualitative relationship between isopropanol and acetone production have been established 
since the ketone to alcohol reaction is readily reversible ( 6, 1) 
Nordmann et al (7) investigated the role of catalase and ADH in the metabolism of 
isopropanol in the rat. Pyrazole, an inhibitor of ADH and of catalase in high doses and AT 
were used. The control blood isopropanol levels for 1 g/kg, i.p., dose reached 140 mg/dl 
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in 30 minutes. Acetone reached 70 mg/dl in 6 hours. With a 6 mg/kg oral dose the peak 
blood isopropanol level of about 550 mg/di was reached in 8 hours by which time acetone 
had reached 150 mg/di. The effect of AT was to produce only a non-significant reduction 
of less than 10% in the maximum peak blood isopropanol level and acetone when given 
with the l g/kg, i.p., dose which showed little or no involvement of catalase in isopropanol 
metabolism in the rat. 
Pyrazole treatment (300 mg/kg, orally, 23 hours prior to isopropanol, 1 g/kg, i.p.) 
increased blood isopropanol concentrations above the control and decreased the rate of 
oxidation of isopropanol. The pyrazole treated animals had blood isopropanol levels of 
greater than 120 mg/dl for 6 hours and the blood acetone level was less than 20 mg/dl, 
while the control animals blood isopropanol and acetone levels were about 60 mg/ell and 80 
rng/dl, respectively. This established the role of ADH in the metabolism of isopropanol in 
the rat (7). 
The lactate/pyruvate ratio, a measure of the extramitochondrial redox state, was not 
effected by oral or i.p. isopropanol (7) which i s  contrary to the effects of ethanol (12). 
The production of 8-hydoxybutyrate was slightly increased causing a slightly increased 
8-hydroxybutyrate/acetoacetate ratio. The authors (7) speculated that the 
extramitochondrial reduction state may be maintained by the metabolism of acetone which 
proceeds: acetone.-.acetol (or acetol phosphate) • 1 ,2-propanediol (or 1 ,2-
propanediol phosphate) and requires NADH for reduction (4). 
Forsander (12) found a low lactate to pyruvate ratio for isopropanol which was 
similar to the effects of methanol but unlike the effect of ethanol. The lactate/pyruvate ratio 
is inversely related to the respiratory quotient (R.Q.), the ratio of CO2 produced to 02 
uptake. The effe.ct of isopropanol (2-propanol) and other alcohols on the respiratory 
quotients is  
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shown in Table 2.3. The cause of lower respiratory quotients following ethanol and 
isopropanol administration was due to depressed CO2 production rather than diminished 02 
uptake. 
Table 2.3 Respiration of Liver Slices in Kreb's Ringer Bicarbonate 




















Source: Forsander, O.A. (1967) Influence of some aliphatic alcohols on the 






Fatty acids are the main substrates for liver and the main route of C(h production is 
the tricarboxylic acid cycle (TCA). Ethanol reduces the functioning of the TCA cycle and 
acetate and organic acids accumulate (12). Table 2.3 shows this acid accumulation with 
ethanol. Nordmann et al (8) concluded that the bulk of the metabolic effects of isopropanol 
metabolism are apparent in microsomes and not in mitochondria as they would have been 
in the case of ethanol. 
Fat accumulation in the liver followed isopropanol administration. The fat 
accumulation in the liver of isopropanol treated animals was related to an increased 
mobilization of adipose tissue triglycerides and fatty acids and not the result of reduced 
fatty acid oxidation to C(h. The authors (8) suggested that the increased free fatty acid 
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release from adipose tissue was a non-specific response to the acute isopropanol dose and 
not due to a direct effect of isopropanol or acetone. 
2, 2,3 Metabolism of Ethylene Glycol 
Ethylene glycol is metabolized primarily in the liver according to the scheme shown 
in Figure 2.3. The initial steps in the oxidation of ethylene glycol to glycol aldehyde and 
glyoxylic acid seem to be mediated by alcohol dehydrogenase. McChesney et al ( 19) gave 
an intravenous (i.v.) dose of 139 mg/kg 14C labelled ethylene glycol to four rat s. After 
four hours 37 .7% of the radioactivity had been excreted in urine and 5.8% in air. By 24 
hours 46.5% of 14C had been excreted in urine and 14.4% in air. The excretion rate of 
1.5% of the dose/hour was noted for 4 hours. A slower rate of 0.4% of the dose/hour was 
observed over the next 20 hours. The ethylene glycol had fairly evenly distributed 
throughout all tissues by one hour with the total amount in tissues decreasing over time. 
The liver concentration of 14C did not diminish due to its central role in the metabolism of 
ethylene glycol and its metabolites. 
In rats given an oral dose of 1 ml/kg of ethylene glycol and a dose of water (25 
ml/kg) 55.7% of the 14C was excreted in 24 hours , over half of this being unchanged 
ethylene glycol . After 8 hours 27.8% of the ethylene glycol was excreted unchanged with 
a total of 45.9% of the dose excreted. Eighty percent of the 14C of ethylene glycol was 
excreted in the first 8 hours of the period. The tissue half life was on the order of 2.0 to 
2.5 hours ( 19). 
The excreted meta bolites in the urine are the stable compounds glycollic acid, oxalic 
acid and in expired air, CO2. Glycol aldehyde and glyoxylic acid are very reactive and 
have a short half life ( 19). Parry and Wallach ( 10) mention the possibility of damage to 
the body caused by glycol aldehyde but little evidence exists to suppon the claim that glycol 
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Figure 2.3. Metabolic pathways for ethylene glycol. 
Source: Van Harken, D.R. (1965) Role of the hepatic catalase-pcroxidase system in the metabolism of methanol by the rat. Doctoral Dissenation, University of Minnesota. (ref.17) 
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aldehyde is  transported throughout the body before immediate. metabolism. Pooled urine 
samples from rat s for 0- 8 hours contained glycolic acid and oxalic acid in a ratio of 13: 1 
but 8-24 hour sample had a ratio of 8:3 showing an increase in the production of oxalic 
acid after a rise in the blood glycolic acid level. This ratio in monkeys was 80:3 in the 8-24 
hour sample . This reflects the fact that the monkey converts less ethylene glycol to oxalate 
than rats ( 19). 
In isolated liver mitochondria from female rats neither ethylene glycol, glycolic acid 
nor propylene glycol at concentrations up to 10 mM, had any effect on the rates of 
mitochondrial respiration using succinate, a-ketoglutarate or �-hydroxybutyrate as 
substrates (20). Glyoxylic acid and oxalic acid did decrease respiration with all substrates. 
Oxidative phosphorylation was not affected except when a-ketoglutarate was used with 
higher levels of glyoxylic acid. Mitochondria from male rat s responded similarly to female 
rats except that oxidative phosphorylation was inhibited with succinate and glyoxylic acid 
also (20). 
Liver mitochondria from monkeys exposed to ethylene glycol by inhalation for 5 
months showed a reduced rate of respiration and uncoupling of oxidative phosphorylation 
(reduced P/0 or ADP/0 ratios). Glyoxylic acid, however, may be more involved in this 
response as the addition of ethylene glycol to control mitochondria showed no effect (20). 
Glyoxylic acid may condense with oxaloacetate to fonn oxalomalate which is a potent 
inhibitor of the citric acid cycle enzymes (20). 
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2,3 Nutritional Influences on Alcohol Metabolism 
2,3.1 Methanol 
The rate of methanol metabolism in rats is dependent upon enzymes that generate 
H202. Reduction of the level of H202 in the catalase complex reduces the methanol 
oxidizing capacity. Peroxide generating systems such as glucose :glucose oxidase, urate : 
uri� acid oxidase and xanthine : xanthine oxidase are required for optimal rates of methanol 
oxidation (21 ). 
Treatment of rats or liver homogenates with sodium tungstate results in a marked 
reduction of xanthine oxidase activity as well as methanol metabolizing capacity by 
reducing the activity of the molybdoflavoprotein moiety of the xanthine oxidase system. 
The addition of purified xanthine oxidase to tungstate treated rat liver homogenates restored 
the methanol oxidizing ability. Molybdenum supplementation of the tungstate treated 
animals restored the xanthine oxidase activity but only partially restored the methanol 
oxidation capacity (21, 17). 
2.3.2 Ethylene Glycol 
Ethylene glycol metabolism like many other alcohols requires NAD, therefore niacin 
(nicotinamide) for its initial dehydrogenations. Glycolate oxidation for glyoxalate requires 
either LOH (lactic dehydrogenase) or the flavin requiring glycolic acid oxidase (10). 
Glyoxalate can be metabolized via pyridoxal phosphate dependent transaminases with 
several different amino acid donors to yield glycine. Thiamine pyrophosphate and 
magnesium are necessary for the conjugation to a-hydroxy-B-ketoadipatc. Deficiencies of 
any of these cofactors then could have a profound influence on ethylene glycol metabolism .  
Fonnation of conjugates which inhibit citric acid cycle enzymes will reduce available 
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Formation of conjugates which inhibit citric acid cycle enzymes will reduce available 
energy, 02 and oxidized cofactors needed for continued metaboli sm (10). 
Deficiency of vitamin B6 (pyridox.ine) in rats resulted in the increased deposition of 
oxalate crystals in the kidney which was prevented by feeding supplemental magnesium 
oxide. Magnesium did not effect ethylene glycol oxidation which led to the hypothesis that 
magnesium protects against the renal deposition of oxalate by altering the solvent 
characteristics of the urine (23 ). It i s  interesting to note that male rats were more suscep­
tible to ethylene glycol than female rats. If the female rats were made deficient in 
pyridoxine they too were just as susceptible as  male rats. (24 ). 
2.4 Interactions of Alcohols 
2.4.1 Methanol and Ethanol 
Ethanol is a competitive inhibitor of the peroxidative pathway for methanol 
metabolism in rat s. In perfused rat livers ethanol given in equimolar concentrations with 
methanol re sulted in a 58% inhibition of methanol oxidation during a 3 hour period. There 
was a 70% inhibition in the first hour. Methanol, however, had no discernible effect on 
ethanol metabolism even at molar ratios of 50: 1 (25). 
2.4.2 Methanol and Ethylene Glycol 
The effect of ethylene glycol on th� metabolism of methanol in the.perfused rat liver 
was studied using 14C-methanol (17). Ethylene glycol doubled the rate of methanol 
oxidation down to molar ratios of 1 methanol: 0. 125 ethylene glycol. The same results 
were seen in vivo with i.p. doses  of ethylene glycol and methanol. This effect was not 
expected as ethylene glycol is a substrate for ADH. If methanol were oxidized by ADH 
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then ethylene glycol should have depressed the rate of methanol oxidation. The H202 
produced by the FAD catalyzed oxidation of glycolic and glyoxylic acids, metabolites of 
ethylene glycol, was responsible for the increase in the rate of methanol metabolism (17). 
2.4.3 Methanol and other Alcohols 
Other alcohols antagonize the oxidation of methanol in the rat at equimolar 
concentrations in the following order: (alcohol, % inhibition) ethanol, 55% > propanol and 
isopropanol, 35% > n-butanol, 30% > n-pentanol, 20% (21 ,  17). 
2.4.3 Ethylene Glycol and Ethanol 
Peterson et al (26) calculated the effective dose of ethanol for use in human ethylene 
glycol poisoning. The optimal blood level of ethanol to displace ethylene glycol at ADH 
and increase ethylene glycol excretion in urine are between 100-200 mg/dl. These levels 
were achieved by repeated oral dosing with 0. 109 g/kg ethanol per hour ·given as a 20% 
solution after loading with 0.6 g/kg ethanol in a 50 % solution. In experiments with male 
rats receiving 10 ml/kg of ethylene glycol, Borden and Bidwell (27) found an increase in 
the 96 hour survival from 14% of controls to 73 % of the animals that received 0.2 g 
ethanol 15 minutes after ethylene glycol and continuing 6 times at 6 hour intervals 
following the ethylene glycol treatment. Survival was increased further by the combination 
of ethanol and sodium bicarlx>nate. Examination of the kidneys of ethylene glycol treated 
animals found that 94% of the controls showed oxalate crystals while only 55% of the 
ethanol treated group showed crystal development None of the bicarlx>nate and ethanol 
treated group showed crystal development In this study the ethylene glycol was given 
orally and the ethanol was administered intraperitoneally (27). 
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2,5 The Physiolo�cal Role of Camitine 
Camitine, 3-hydroxy-4-N-trimethylammon�um butyrate is  a polar compound that is 
widely distributed in nature. The role of camitine as a vitamin or growth factor was 
established when Fraenkel and others demonstrated the essentiality of camitine for the 
mealworm, Tennebrio molitor (28). The physiological role of camitine was later 
establi shed to be in the B-oxidation of long chain fatty acids (29, 30). 
The dietary essentiality of camitine for humans has yet to be established although 
deficiencies of camitine have been reported in infants fed formulas, renal patients and in 
patients with lipid storage disorders (3 1). Camitine participates in two separate transferase 
systems in the mitochondrial transport of long chain fatty acids; camitine 
palmitoyltransferase I (CPT-1) and carnitine palmitoyltransferase II (CPT-Il). The outer 
mitochondrial membrane is the site of CPT-1 and the inner mitochondrial membrane is the 
site of CPT-Il. The activity of CPT-1 is a rate controlling factor in the transport of fatty 
acids across the mitochondrial membrane (32). The location of CPT-Il is in intimate 
proximity with the enzymes of B-oxidation . Figure 2.4 depicts the role of camitine and 
camitine palmitoyltransfcrase in the oxidation of fatty acids. 
Carnitine and carnitine acyltransf erases are important in several organelles of 
mammalian organs. These enzyme systems are involved in the transport of acyl groups of 
various sizes across biological membranes. The liver contains at least three enzymes 
showing camitine acetyltransferasc activity, one is associated with pcroxisomcs, another 
with the endoplasmic reticulum and the third with the mitochondria (33). The roles of 
carnitine and camitine acyltransferases are not elucidated in their entirety. 
Camitine is  found primarily in foods of animal origin, sheep muscle meats being the 
richest source (208 mg/lOOg) with beef muscle meats next ( 67mg/100g) (34). Chicken 
and eggs were very poor sources of camitine as were most plant foods. Avocado, i s  the 
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Figure 2.4. The role of camitine in fatty acid metabolism in the liver. 
Source: Bremer et al (1974) Factors controlling the metabolism of fatty acids in the liver. 
In: Regulation of Hepatic Metabolism, Proceedings of the Alfred Benzoin Symposium VI. 
(Lundquist, F. and Tygstrup, N., eds.) pp. 159-179, Academic Press, New York. (ref.32) 
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richest (1.25 mg/lOOmg) source of camitine among the foods of plant origin. In general 
camitine excretion is related to dietary intake. Low intakes in human volunteers resulted in 
reduced urinary camitine excretion. (34 ). Carnitine is rapidly absorbed from the upper 
jejunum ( 35, 36, 37). The active isomer, L-camitine, is taken up by the intestine twice as 
fast as the D isomer (35). Nearly 50% of non-esterified carnitine is acetylated in the small 
intestine and is stored temporarily in the liver (37). The majority of an absorbed dose of 
camitine will be found in the muscle tissue (36). 
Carnitine is also synthesized in the human from two essential amino acids, lysine and 
methionine. The synthesis in humans begins with protein bound lysine which is 
methylated by S-adenosylmethionine and lysine methyltransferase· to form 
6-N-trimethyllysine. Trimcthyllysine is then hydroxylated by dioxygenases which utilizes 
a-ketoglutarate as a co-substrate and requires ascorbic acid, ferrous iron and molecular 
oxygen (33, 34) . The 3-hydroxy-6-N-timethyllysine is released into the cytosol and the 
cleavage of the glyc ine moiety yields .,..butyrobetaine aldehyde. The aldehyde is oxidized 
to y-butyrobetaine and then a final hydroxylation similar to that with trimethyllysine forms 
camitine, +N(CH3)3 CH2 CHOH CH2 COOH (33, 34). 
2,6 The Interaction of Camitine and Alcohol 
Camitine supplementation has been shown to ameliorate the hepatic steatosis induced 
by long term ethanol feeding in animals (38, 2). This supplementation also lowered plasma 
lipids associated with chronic alcoholism and was shown to be a dose dependent effect (3). 
Obseivation of the animals used in these chronic alcohol feeding studies led to the 
investigation of the blood ethanol levels as the animals appeared more intoxicated to the 
researchers (39). Blood ethanol levels 2 hours after dosing with 3g/kg of ethanol in rats 
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fed over a long term with liquid ethanol diets supplemented with 0.8 or 1 .0% DL-camitine 
were significantly elevated over the control levels. In experiments with rats fed camitine 
supplemented diets for 5 or 6 days prior to a single ethanol dose the 2 hour blood ethanol 
level was also significantly elevated above the control (77 mg/dl,control vs. 21 3 
mg/dl,camitine). The effect of camitine on blood ethanol levels was also dose dependent 
with the higher camitine supplementation yielding the highest 2 hour blood ethanol values 
(39). 
Sachan and Berger ( 4) also established that the effe.ct of camitine supplementation 
was not found in the absorption phase of the blood alcohol curve but was sustained over 
the 8 hours of their study indicating a possible effect on ethanol metabolism or disposition 
(Figure 2.5). They also established that 1 .0 % DL-carnitine supplementation attained 
blood camitine equilibrium in 3 days and that longer than 5 days of supplemental feeding 
may be necessary for lower camitine levels of supplementation to reach an effective blood 
level. 
Co-administration of camitine and ethanol, i.p., has also been shown to be effective 
in reducing the blood triglycerides, and accumulations of liver triglycerides and total liver 
lipids as seen in ethanol administration alone (40). Camitine also lowered the SGOT levels 
after ethanol administration( 40). The effects on lowering the blood triglycerides and 
SGOT were thought to be independent of any alcohol effects as they occurred in non­
ethanol treated animals as well. Camitine was shown �o overcome the ethanol induced 
mitochondrial membrane derangement which produced impermeability to NADH and long 
chain acylcamitines. 
Kondrup and Grunnet (41 )  found that after an acute ethanol dose the non-esterified 
camitine and acetylcamitine in the liver increased by 50% and long-chain acylcamitine 
was de.creased by 50 %. The total carnitine was increased with a higher proportion of the 
camitine being non-esterified. The ratio of acylated camitine to free reflects the direction 
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Figure 2.5. Time course of blood ethanol concentration after 5 days of feeding a 1 % D,L­
carnitine supplemented chow diet. 
Source: Sachan, D.S. and Berger, R. (1987) Attenuation of ethanol metabolism by 
supplementary carnitine in rats. Alcohol 4: 3 1-35. (ref. 4) 
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of hepatic fat metabolism. For example in starved animals the ratio is increased and after 
an acute ethanol treatment where fat oxidation is decreased, the ratio is decreased ( 41 ). 
In an experiment with human volunteers, Adamo and co-workers ( 42) administered 
a dose of 0.5g/kg ethanol in the form of white wine. They also co-administered a saline 
solution or a 3 gram intravenous dose of L-camitine. There were no differences between 
the saline group and the camitine group blood ethanol curves. Differences were found in 
the kinetics of blood acetate with the saline group having a higher mean blood 
concentration and area under the curve. The urinary acetylcamitine excretion was 
significantly increased only when ethanol and camitine were simultaneously administered. 
The single carnitine dose alone did not significantly raise urinary acetylcamitine excretion. 
(42) 
Ethanol was shown to directly inhibit camitine palmitoyltransferase I, (CPT-1), the 
rate limiting step in the transpon of fatty acids in to the mitochondrial matrix of liver (43). 
This ethanol induced modulation of CPT-I activity is very difficult to detect as normal cell 
disruption and isolation of mitochondria techniques caused the effect to disappear. The 
authors also state that it is the presence of active ethanol metabolism that is inhibitory to 
CPT-1. The state of active ethanol metabolism resulted in an increased intracellular 
malonyl-CoA concentration. Malonyl-CoA is a potent inhibitor of CPT-I. Keeping in 
mind the role of carnitine in the acyl group metabolism and stated effects on the metabolism 
of ethanol, the role of camitine in the metabolism and disposition of methanol, isopropanol 
and ethylene glycol was examined. 
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CHAPTER 3 
MATERIALS AND METHODS 
3, 1 Exi,erimental Plan 
Male rats were divided into two groups, the non-supplemented chow fed group (NS) 
and the group fed chow supplemented with 0.5% L-camitine (CS). These animals were 
then used to test the effects of camitine on the metabolism and disposition of methanol, 
isopropanol and ethylene glycol. Table 3 . 1  depicts the experimental plans. 
3,2 Animals, Diets and Housin& 
Male Sprague-Dawley rats were used in all experiments. Table 3.1 lists the animals' 
suppliers, weight ranges and other experimental specifications. All animals were housed in 
an AALAC accredited animal facility. The light cycle was from 6:00 a.m.until 6:00 p.m .. 
The temperature of the facility was 72 ± 20 F and the relative humidity was 40-50%. The 
animals received food and water ad libitum. Animals were individually housed in stainless 
steel suspended wire cages and were transferred to stainless steel metabolic cages after 
dosing with the alcohol. 
The diet used in these experiments was ground rodent chow (#5001,  Raltson Purina, 
St. Louis, MO.) as such (NS group) or supplemented with 0.5% L-camitine HCl (CS 
group) (Sigma Chemicals, St. Louis, MO.) or the equivalent dose of L-camitine (gift of 
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Table 3.1. Summary of Experimental Plans. 
Dietacy Treannent 
Alcohol Treatment NSl cs2 
1 .  MethanoI3 
No. of animals4 14 14 
Body weight (g)S 507.0 ± 12.0 480.0 ± 1 1 .0 
Dose per kg 
(g) / (moles) 2.25 I 0.07 2.25 / 0.07 
2. lsopropanol6 
No. of animals' 5 5 
Body weight (g)S 409.2 ± 7.9 438.4 ± 6.5 
Dose per kg 
(g) / (moles) 2.0 I 0.03 2.0 I 0.03 
3. Ethylene Glycol9 
No. of animals 7 6 6 
Body weight (g) 402.0 ± 3.0 401.0 ± 12.0 
Dose per kg 
(g) / (moles) 5.56 I 0.089 5.56 / 0.089 
4. Ethylene Glycol +EthanollO 
No. of animals' 4 4 
Body weight (g) 288.0 ± 9.8 297.0 ± 12.8 
Dose per kg-ethylene glycol 
(g) / (moles) 5.56 I 0.089 5.56 / 0.089 
Dose per kg-ethanol 
(g) / (moles) 3.0 /.07 3.0 / 0.07 
1. Non-supplemented ground chow, Purina #5001, Ralston Purina, SL Louis, Mo. fed for 7 days in 
methanol experiment, 5 days in all other experiments. 
2. Ground chow, supplemented with 0.5% L-camitine and fed for 7 days in methanol experiment and 5 
days in all other experiments. 
3. Methanol (Fisher Scientific, Fair Lawn, NJ) administered in 13% aqueous solution by oral gavage . 
. 4. Tac:N(SD)ffiR ,Taconic Farms, Inc.,Gennantown, NY. 
5. Values are means ± SEM. 
6. lsopropanol (Fisher Scientific.Fair Lawn, NJ) administered in 13% aqueous solution by oral gavage. 
7. Hsd: Sprague-Dawley®SD™, Harlan Sprague Dawley, Indianapolis, IN. 
8. Significantly different by t test, P>I t 1=0.05. • 
9. Ethylene glycol (J.T. Baker, Phillipsburg, NJ) administered in a 1 : 1  aqueous solution by oral gavage. 
10. Ethylene glycol was administered first and one hour later ethanol dose was administered. Ethanol 
(Warner Graham Co., Cockeysville, MD, 200 proof anhydrous) administered in 13% aqueous 
solution by oral gavage. 
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Sigma Tau, Italy) . Purina Chow #5001 provides 4.25 kcal/g and is a mixed diet from 
vegetable matter and fish meal. Similar diets have an estimated total carnitine content of 
64.2 nmoles/g (38). The animals were fed the supplemented diet for 5 or 7 days as shown 
in Table 3. 1. 
3.3 Dosin& Procedure 
The animals were given a dose of methanol, isopropanol (2-propanol), ethylene 
glycol (1 ,2-ethandiol) or ethylene glycol and ethanol at the end of the supplementation 
period (Table 3. 1 ). No animals were fasted before alco�ol dosing_ and doses were 
administered between 10:00 a.m. and noon. The animtls were given the diluted alcohol by 
means of a stainless steel stomach tube attached to a syringe. The proper placement of the 
tube in the stomach was insured by monitoring respiratory distress and the dose was 
steadily infused. The experimental protocol was approved by the Animal Research 
Committee of the Department of Nutrition . All animals were given a single dose of the 
alcohol except for animals used to evaluate methanol urinary clearance who were dosed 
first to measure urine methanol excretion then allowed to recover and dosed a second time 
for the evaluation of blood methanol. This repetition of the dosing was necessary as the 
animals often urinated while having_ blood samples taken. Proficiency gained in the 
methanol experiment in handling the animals made this practice unnecessary in later 
experiments. 
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3,4 Samplin� Procedure 
3,4,l Blood Samples 
Blood samples of 20 µ1 were taken from a freely bleeding cut in the tail vein which 
was prepared by wiping with a saline moistened gauze. The blood was collected in 
heparinized microcapillary tubes and transferred to a microcentrifuge tube containing 80 µl 
of 0.9% NaCl solution. The diluted blood samples were kept on ice until they were mixed 
and centrifuged in a Brinkmann microcentrifuge for 2 minutes. The supernatant was then 
analyzed for the alcohol by gas chromatography. Mild pressure was applied to the tail after 
the cut was made to seal the wound and successive cuts for each sample were made 
proximally (towards the base of the tail) to avoid excessive leakage of tissue fluids into the 
sample. 
3.4,2 Urine Samples 
Urine collections were made every two hours after dosing and with the methanol 
treatment the urine collection continued for the rest of the 24 hour period. The urine 
samples were collected in stainless steel metabolic cages with stainless steel collection 
funnels. A 50 ml Erlenmeyer flask which was bathed in ice water contained the urine 
sample. This style of metabolic cage is not always 1�% efficient in separating feces from 
urine. Any fecal pellets which fell into the urine were removed at the end of the collection 
period and the mine was mixed and centrifuged in a refrigerated centrifuge (Beckman 
TJ-6R ) at 1500 X g for 10 minutes. 
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3,5 Analysis of Samples 
3,5, 1 Blood Samples 
3,5, 1. 1 Analysis for blood acetone, methanol, isopmpanol and ethanol 
Analysis of blood for acetone, methanol, isopropanol and ethanol was performed by 
gas chromatography using a Shimadzu GC-9AM (Shimadzu Scientific Instruments, 
Columbia, Md .) The GC was equipped with a clinical alcohol column (2.1 meters x 2. 6 
mm i.d., packing, 5% Carbowax 20M on 60 to 80 mesh Carbopack B, Supelco, 
Bellefonte, Pa.).Sensitivity range of tl)e GC was set for lx 10-1 1 amps fuli scale 
deflection. The output from the GC was analyzed by an integration unit-microprocessor 
(C-R3A, Shimadzu Scientific Instruments, Columbia, Md.) using a two p�int external 
standardization program. The attenuation setting was 64 mmivolts full stale deflection . 
Using helium as a carrier gas with a flow rate of 28 ml/min ,  isothermal temperature 
program of lOQo C and flame ionization detector good separation was acnieved between the 
alcohols. Standards of the alcohols (Anhydrous Alcohols Standards, Polyscience Corp., 
Nile , Ill.) were prepared in cold glass distilled water (GOW) to yield the µg/µl 
concentratit?ns in the range needed, about 0.08 to 0.8 µg/µl . Sample standard 
chromatograms are shown in Figure 3.1. ( Acetaldehyde, 99%, Aldrich Chemicals, 
. . 
Milwaukee, WI, and n-propanol are also shown but were not internal or external standards 
in these experiments.) One to two µI injections were used of the standards or blood 
supernatant And all samples were analyzed within 24 hours after collection . 
3.5.1.2 , Analysis of blood ethylene Klycol 
Ethylene glycol (Baker Reagent Grade, J.T. Baker, Phillipsburg, N.J.) was 
·analyzed on the same Shimadzu equipment described above. The column used was a glass 
column 2.1 meters x 2.6 mm i.d., packed with GP 80/1 00 Carbopack C/ 0.8% THEED, 
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Figure 3. 1 .  Separation of alcohols by gas chromatography. Part A is a high 
mixed standard. Pan B is one-tenth of A. The actual µg/µl concentrations 
are listed in the CONC 1/2 column. 
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(Supelco, Bellefonte, Pa .. ). The output from the GC was processed by the C-R3A using 
area normalization and a standard curve was used to manually calculate the concentration of 
ethylene glycol. The attenuation setting was 8 millivolts full scale deflection. Helium was 
the carrier gas with a flow rate of about 50 ml/min and an isothermal temperature program 
of 1 120 C .  One to 2 µl injections of appropriately diluted standards ( 0.5 to 3.0 µg/µl) or 
blood supernatant were either manually injected or injected by the auto sampler of the 
Shimadzu GC within 72 hours after collection. Samples not analyzed immediately were 
stored in the cold. When the auto sampler was used no attempt was made to keep the 
samples in the sample queue above room temperature.The ethylene glycol was eluted in 
about 28 minutes. A sample chromatogram for ethylene glycol is shown in Figure 3.2 
and standard curve for ethylene glycol is shown in Figure 3.3. 
3.5.2 Urine Analysis 
3.5.2.1 Analysis of urine for acetone, methanoljsoprgpanol and ethanol 
Acetone, methanol, isopropanol and ethanol in the urine were analyzed according to 
the scheme outlined in Section 3.5.1 .1 . The centrifuged urine was diluted three to five 
fold with cold glass distilled water (GOW) and the samples were stored on ice until they 
were manually injected into the GC. All samples were analyzed within 24 hours. 
3.5.2.2 Analysis of urine for ethylene &lycol 
Ethylene glycol in the urine was analyz.ed according to the scheme outlined in Section 
3.5.1 .2. The centrifuged was diluted three to five fold with cold GOW and injected 
manually by the auto sampler into the GC within 72 hours after cold storage. 
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Figure 3.2. Quantitation of ethylene glycol by gas chromatography. 
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Figure 3.3. Standard curve for ethylene glycol. 
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3,5.3 Data Analysis 
3,5,3. 1 Kinetic Analysis 
The following kinetic analyses based on Baggot ( 44) were performed on the 
individual animals' blood alcohol concentration data and urinary alcohol excretion data 
without any logarithmic transformations. 
Absorption Slope <initial); Simple linear regression analysis was used to determine 
the slope of the blood alcohol concentration from time zero (concentration zero) to 0.66 
hours (40 minutes). 
Absorption Slope <to peak); The slope of the blo� alcohol C(?ncentration from time 
zero (concentration zero) to the point of maximum value over time was calculated by simple 
linear regression. 
Peak Blood Value; The highest blood alcohol concentration value reached at any time 
following dosing. 
Peak Blood Time; The time at which the peak blood alcohol concentration was 
reached. 
Area Under the Curve <AUC): The AUC was calculated manually by the method of 
trapezoidal approximation (Figure 3.4). The areas of triangles and trapezoids included in 
the blood time course curve were summed and the hypothetical end tails lying outside of the 
designated time segment were not included. 
Systemic Clearance; This represents the sum of all clearance processes in the body. 
It is the volume of blood cleared per hour per kg of body weight and was calculated as 
dose/ AUC. 
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Figure 3.4. Trapezoidal method for estimating the area under the curve. The total 
ar�a under a curve may be estimated by adding areas of the trapewids 
and triangles at each end of the curve. 
Source: Baggot, J.D. (1977) Principles of Drug Disposition in Domestic Animals, 
W.B. Saunders Company, Philadelphia, p. 34. (rcf.44) 
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Elimination Slope � This is the elimination rate constant for the disappearance of 
the drug from the blood. The blood alcohol concentration curve from the peak to the last 
point on the time course within the time band of interest were used to calculate a line by 
simple regression. Since no transformations were used the slope is the rate constant. 
Theoretical Instantaneous Distribution Concentration <� This is the theoretical 
blood alcohol concentration assigned had the drug been given as a bolus intravenous dose 
or been entirely and immediately absorbed from the gastro-intestinal system. This was 
calculated as the y intercept of the elimination slope line at time zero. 
Volume of Distribution {Yd},; The volume of distribution is a proportionality constant 
relating plasma concentrations to the total amount of the drug in the body. It was calculated 
as CJdose. The V d is not a true physiologic space. Baggot ( 44) states the following: 
This parameter which is derived from plasma (or serum) 
concentrations of the drug, provides some idea on or the extent or 
magnitude of distribution. A large value for the apparent volume of 
distribution can be interpreted to mean that the drug is widely 
distributed in body fluids and tissues, or that the drug is avidly 
bound to tissue constituents (and perhaps localized), or extensively 
bound to plasma proteins (if volume of distribution is derived from 
free drug levels in plasma). A small volume of distribution could 
mean that the drug is restricted to certain fluid compartments of the 
b<;>dy (e.g., extracellular fluid) or is extensively bound to plasma 
proteins, when volume of distribution is based on total drug 
concentration in plasma, or both ... . [D]espite the limitations ... 
estimates of the magnitude of distribution provided by this kinetic 
parameter can be helpful in describing the disposition of drugs in the 
body. (p.54) 
Urimuy Clearance: The urinary clearance is a ratio of the blood and urine 
concentrations of compound based on the flow rate of the urine and the body weight of the 
animal. Baggot (44) defines urinary (renal) clearance as " that fraction of the body 
clearance attributable to excretion of unchanged drug by the kidney". It was calculated as 
follows. 
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[concentration in urine (mglml][ml of urine for time period] 
[concentration in blood (mg/ml at mid point of time period)][body weight (kg)] 
The midpoint blood was either the actual value for the sample taken at the true midpoint for 
the urine collection or was calculated as an average from the beginning and ending blood 
levels or calculated based on the slope of the blood curve when the end point was 
missing. 
3,5.3,2 Statistical Analysis 
Statistical analysis of the data was petfonned by a Statistical Analysis Systems 
program (SAS Institute Inc., Cary, N.C., USA, CMS SAS Release 5. 1 8, University of 
Tennessee). The Student's t test was used for two point comparisons. Data from time 
curves were analyzed as kinetic transformations and therefore did not violate rules for use 
of the t test repeatedly over time. The level of significance was 0.05 but the borderline 
significances were also shown to validate trends. 
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CHAPTER 4 
RESULTS 
4, 1 Methanol 
The blood methanol curves obtained from a 2.25 g/kg dose in male rats are depicted 
in Figure 4. 1 .  The solid line represents the NS animals and the dotted line the CS animals. 
This figure represents each time point equally and not in an exact time scale. The NS curve 
is higher in the early stages of the intoxication and appears to peak at about 4 hours 
compared to 8 hours for the CS group. The elimination side of the curves appear similar 
for both groups. The numerical data are shown in Table 4. 1 .  The 2 and 4 hour blood 
methanol concentrations (BMC) are significantly lower in the CS group than the NS group. 
The blood kinetic analysis is shown in Table 4.2. There were no differences in the 
initial absorption slope (40 minutes) between the two groups but there was a significant 
reduction in the absorption slope to the peak in the CS group. The time to reach the peak 
blood concentration was almost doubled by carnitine supplementation but there was no 
difference in the peak BMC. The total area under the BMC curve for 8 hours was smaller 
in the CS group than the NS group. The area under the 24 hour BMC curve showed no 
significant differences between groups. Systemic cle&-anccs, which relate area under the 
curve to dose, were not significantly different for the two groups at 8 or 24 hours. There 
were no significant differences between the groups in the elimination rate constants, 
theoretical instantaneous distributions or volumes of distribution. 
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Figure 4. 1 .  Blood methanol concentrations in male rats. Time scale is expanded. 



















1 39.47 ± 
164. 19 ± 
17 1 .06 ± 
191 .25 ± 
197.3 1 ± 
194.48 ± 
188.68 ± 
1 80.78 ± 
169.9 1 ± 




7.79 (8) 58. 17 
5 .37 ( 10) 97.41 
8.24 (10) 120.25 
10.52 (10) 136.84 
7.57 (10) 146.40 
9.72 (10) 156.00 
9.74 (10) 170.36 
8.82 (10) 188.37 
6.96 (9) 187.64 
17.90 (3) 186.67 
14.74 (3) 1 8 1 .35 
4.95 (5) 128.61 
cs 
± 10.50 (8) 
± 9.79 ( 1 1 }  
± 9.94 ( 1 1 )  
± 10. 1 6  ( 1 1 )  
± 12.57 (10) 
± 8.89 ( 1 1 )  
. ± 7.62 ( 1 1 )  
± 9. 10 ( 1 1 )  
± 5.7 1 ( 1 1 )  
± 15 .29 (3) 
± 4.07 (3) 
± 5 .00 (5) 
Values are means ± SEM. Numbers in parentheses are numbers of animals in groups. 
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(mg/dl/hr) 197.50 ± 1 1.23 (10) 
Peak Blood Level 
Time 
(hour) 4.50 ± 0.78 (10) 
Concentration 
(mg/di) 218.35 ± 6.25 (10) 
Absorption Slope 
(to peak) 
(mg/di/hr} 52.58 ± 9.90 (10) 
Area Under Curve 
8 hours 
(mg.hrs/di) 1430 ± 67 (10) 
Area Under Curve 
24 hours 
(mg.hrs/di) 3893 ± 189 (10) 
Systemic Clearance 
8 hours 
(L/hr/kg) 0. 161 ± 0.010 (10) 
(ml/min/kg) 9.66 ± 0.61 
Systemic Clearance 
24 hours 
(L/hr/kg) 0.058 ± 0.003 (10) 
(ml/min/kg) 3.51 ± 0.03 
Elimination Slope Kel 
(mg/dl/hr) -8.24 ± 2.66 (10) 
Co 
(g/ L) 2.46 ± 0.24 (10) 
Volume of Distribution 
(L/kg) 0.96 ± 0.04 (10) 
cs P>lt I =0.05 
174.02 ± 14.05 (1 1) NS 
8. 18 ± 0.99 (1 1) 0.05 
205.70 ± 5.36 (1 1) · Ns 
18. 12 ± 2.85 (1 1) 0.05 
1271 ± 5 1  (1 1) 0.07 
3847 ± 1 16 (1 1) NS 
0. 180 ± 0.001 (1 1) NS 
10.80 ± 0.44 NS 
0.059 ± 0.002 (1 1) NS 
3.52 ± 0. 10 NS 
-7.61 ± 3.12 (1 1) NS 
2.68 ± 0.20 (1 1) NS 
0.87 ± 0.06 ( 1 1) NS 
Values are means ±SEM. Numbers in parentheses are numbers of animals in groups. C0 is the theoretical 
instantaneous distribution concentration. 4 1  
Elimination of methanol in the urine is shown in Table 4.3. There was a significant 
increase in the urinary methanol concentration of the CS animals at 2 hours and in the total 
for 24 hours. Camitine supplementation almost doubled the volume of urine output in the 
2 hour collection, however, there were no significant differences in the 24 hour collection 
volume. The total methanol excreted was doubled at 2 hours and 4 hours in the CS group 
but there were no significant differences in the total for 24 hours. The camitine 
supplementation resulted in a significantly higher percentage of the methanol dose being 
excreted in the first 2 hours after dosing, but the percentage of the dose excreted is still less 
than 10%. The hourly methanol excretion rate shows a significant doubling in the 
excretion of unchanged methanol in the urine in the CS group at 2 and 4 hours. 
The urinary clearances (Table 4.4) are doubled at 2 hours in the CS animals above 
the NS animals which nears statistical significance. The camitine induced increase in the 
urinary clearance was evident at 4 hours also, however, there were no significant 
differences in the urinary clearance of methanol for the 6-24 hour collection period or the 
total 24 hour test period. 
The effects of camitine supplementation on methanol distribution in the blood and 
urine are summarized in Figure 4.2. The decreased BMC in the CS group is accompanied 
by an increased urinary methanol excretion in the first 4 hours. 
4,2 Isgpro.panol 
The blood isopropanol concentration (BIC) curves for a 2.0 g/kg dose in male rats 
are depicted in Figure 4.3. which is on an expanded time scale. The data for the curves are 
shown in Table 4.5 There are no significant differences in the blood isopropanol 
concentrations between NS and CS groups with the blood levels of neither group 
exceeding 125 mg/dl. 
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Table 4.3. Excrctio11 of U11cha11ged Methanol in Urine. 
Colle.cl.ion Times (Hours Post Methanol Administration) 
Pan1nc1cr 0-2 2-4 4-6 6-24 24 � tolal 
Concentration 
NS (mg/ml) 2.28 ± 0. 14(4) 2.60 ± 0.26(4) 2.27 ± 0.14(4) 1.84 ± 0. 17(4) 2. 1 1  ± 0.08(4) 
cs 2.82 ± 0. 12(3) 2.83 ± 0.0'2(2) 2.49 ± 0.02(3) 1.59 ± 0.14(3) 2.35 ± 0.04(3) 
NS (µmole/ml) 7 1 .4 1  ± 4.36(4) 8 1 .25 ± 8.16(4) 71.17 ± 5.16(4) 51.SO ± 5.34(4) 66.02 ± 2.59(4) 
cs 88.27 ± 3. 76(3) 88.43 ± 0.63(2) 77.71 ± 0.55(3) 49.67 ± 4.38(3) 73.54 ± 1.27(3) 
[.04 ) [.067 J 
Urine Output (ml) 
� NS 6.75 ± 0.32(4) 
1.95 ± 0.43(4) 2. 12 ± 0.72(4) 13.80 ± 239(4) 24.43 ± 291(4) 
w cs 1 J .06 ± 2.22(3) 2.73 ± 1.83(3) 1. 70 ± 0. 17(3) 10.17 ± 2.12(3) 25.66 ± 4.55(3) 
[.070 ) 
Total Methanol E.xcrclion 
NS (mg) 15.40 ± 1.03(4) 5. 17 ± 1 .44(4) 4.98 ± 1.71(4) 26.35 ± 6.22(4) 51.94 ± 7.05(4) 
cs 31 .82 ± 7.92(3) 1 1.55 ± 5.85(2) 4.22 ± 0.42(3) 16.61 ± 4.5 1(3) 60.35 ± 1 1 .98(3) 
NS (µmole) 48 1.48 ± 32.35(4) 161.64 ± 44.95(4) I 55. 70 ± 53.46(4) 823.59 ± 194.60(4) 1622.SO ± 220.38(4) 
cs 994.48 ± 247.53(3) 360.94 ± 182.81(2) 13 1.88 ± 13.02(3) 518.96 ± 140.97(3) 1885.94 ± 374.38(3) 
(.059 ) [.202 ) [.292 ) 
Percent of Dose Excrcled 
NS 1.35 ± 0.12(4) 0.46 ± 0. 14(4) 0.4 1 ± 0.12(4) 2.31 ± 0.58(4) 4.55 ± 0.69(4) 
cs 3.02 ± 0. 71(3) 1 .00 ± 0.48(2) 0.39 ± 0.03(3) 1.52 ± 0.32(3) 5.61 ± 0.84(3) 
(.050 J 
I lourly Methanol Excretion 
NS(mg/g BW ·hour) 0.016 ± .001(4) 0.005 ± .001(4) 0.005 ± .002(4) 0.003 ± .001(4) 0.004 ± .001(4) 
cs 0,035 ± .008(3) 0.012 ± .()(X',(2) 0.005 ± .000(3) 0.002 ± .000(3) 0.005 ± .001(3) 
NS (µmolc/g BW·huur) 0.497 ± .046(4) 0. 169 ± .05 1 (4) 0. 154 ± .047(4) 0.94 ± .023(4) 0. 139 ± .020(4) 
cs 1 .091  ± .245(3) 0.364 ± .178(2) 0.145 ± .008(3) 0.61 ± .01 3(3) 0.169 ± .024(3) 
(.038 J [.2 16 J 
Values are nacans ± SEM. Le�b ur 5ignir1eance for diffcretl(.-CS comJmcd by I test at P>lt I arc shown in brackets. VahlCS in parcnlhcscs arc numbers of 
animals in groups. 
Table 4.4. Urinary Clearance of Methanol 
Diet  
Urine Collection (Blood Sample) NS cs P>lt I =0.0 5  
mVperiod· kg mVperiod· kg 
ml/min·kg ml/min·kg 
0 -2 Hours ( 1  Hour) 19 . 14 + 1.9 2  (4) 39 .59 + 10.8 1  (3) 0.0 8  
0 . 159 + 0.0 16 0.329 + 0.090 
2 -4 Hours (3 Hours) 5.83 + 1 .78 (4) 12.10 + 6.0 8  (2 ) NS 
0.0 49 ± 0.0 15 0.10 1 ± 0.0 5 1  
4-6 Hours (5 Hours) 5.2 5 + 1.63 (4) 4.73 ± 0.15 (3) NS 
0.0 44 ± 0.0 14 0.0 39 ± 0.00 1 
6-2 4 Hours (15  Hours) 33.53 + 9 .65 (4) 20.46 ± 4.35 (3) NS 
0.0 3 1  ± 0.009 0.0 19 ± 0.004 
2 4  Hour Total ( 1 2  Hours) 6 1 .32 + 1 1.41 (4) 70.67 + 7.43 (3) NS 
0.0 43 ± 0.008 0.0 49 ± 0.005 
Values are means ±SEM. Numbers in parentheses are numbers of animals in groups. 
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Figure 4.3. Blood isopropanol concentrations. Time scale is expanded. 






















2.49 (5) 15.85 
7.11 (5) 64.63 
8.09 (5) 91.42 
7.81 (5) 99.83 
4.68 (5) 92.89 
7.89 (5) 82.75 
6.37 (5) 71.66 
cs 
± 5.33 (5) 
± 6.26 (5) 
± 5.42 (5) 
± 10.24 (5) 
± 9.45 (5) 
± 7.15 (5) 
± 5.88 (5) 
Values are means ± SEM. Numbers in parentheses are numbers of animals in groups. 
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The kinetic analysis of the BIC curves is given in Table 4.6. There were no 
significant differences in absorption slopes, peak blood levels or areas under the curves, 
although the absorption slope to the peak was non-significantly elevated and the time to 
reach the peak BIC was shortened in the CS animals. Higher numbers of animals and 
reduced sample deviations may prove these to be significant differences. There were no 
significant differences in systemic clearances, elimination slopes, theoretical instantaneous 
distribution or volumes of disnibution between the groups. 
The effect of camitine supplementation on isopropanol excretion in urine is shown in 
Table 4. 7. Carnitine had no significant effect on the concentration of isopropanol in the 
urine at any time period. There was an increase in urine volume in the CS group which is 
similar to that seen in the methanol experiment The net result was a near doubling of the 
total urine output with camitine supplementation for the 6 hours of the experiment. The 
total isopropanol excretion was significantly increased in the CS animals at 2 hours and in 
the total for 6 hours. The percentage of the isopropanol dose excreted in 6 hours was also 
significantly increased by camitine supplementation. The hourly excretion rate of 
isopropanol in the CS group shows a near doubling at 2 hours but only a slight increase in 
the total for 6 hours. Urinary clearance of isopropanol (Table 4.8) was significantly 
increased with camitine supplementation which is related to the differences in the early 
BICs and urine volumes of this group. 
Acetone was measured as a metabolite of isopropanol. The blood acetone 
concentration (BAcC) curves are depicted in Figure 4.4 with an expanded time scale and 
data are shown in Table 4.9 There are no significant differences in the appearance of 
acetone in the blood. The peak BAcC was less than 100 mg/dl and was not reached until 
nearly 6 hours in both groups. There were no significant differences in any blood acetone 
appearance kinetic parameters; appearance slopes, peak BAcC, peak time or area under the 
curve (Table 4. 10). 
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Table 4.6. Blood lsopropanol Kinetics. 
Diet 
Parameter NS cs P>lt I =0.05 
Absorption Slope 
(0.666 hours) 
(mg/ell·hr) 136.42 ± 14.04 (5) 139.62 ± 7.39 (5) NS 
Peak Blood Level 
Time 
(hour) 2.20 ± 0.49 (5) 1.40 ± 0.24 (5) NS 
Concentration 
(mg/ell) 102.32 ± . 4.93 (5) 103.29 ± 9.02 (5) NS 
Absorption Slope 
(to peak) 
(mg/ell·hr) 52.42 ± 14.16 (5) 83.34 ± 19. 14 (5) NS 
Area Under Curve 
6 hours 
(mg/ell· hrs) 509.22 ± 23.85 (5) 480.90 ± 43.73 (5) NS 
Systemic Clearance 
6 hours 
(1/hr·kg) 0.396 ± 0.019 (5) 0.428 ± 0.033 (5) NS 
(ml/min· kg) 6.60 ± 0.32 7. 13  ± 0.55 NS 
Elimination Slope Ke1 
(mg/ell·hr) -7.58 ± 0.94 (5) -6.45 ± 1.3 1 (5) NS 
Co 
(mg/dl) 1 1 6.52 ± 5.40 (5) 109.27 ± 10.27 (5) NS 
Volume of Distribution 
(Likg) 1.73 ± 0.08 (5) 1.89 ± 0. 1 8  (5) NS 
Values are means ±SEM C0 is the theoretical instantaneous distribution concentration at 
time of dosing. Values in parentheses are numbers of animals in groups. 
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Table 4.7. Excret ion of Unchanged lsopropanol in Urine. 
Collection Times (Hours Post lsopropanol Administration) 
P..irarnctcr 0-2 2.4 4-6 6 hour total 
Concentration 
NS (mg/ml) I .05 ±0.21(5) 1 .39 ± 0. I 1(3) 1.05 ± 0. 1 1  (5) I . I  I ±  0.10(4) 
cs l . 1 1 ± 0. 16(5) 1 . 18 ± 0.1 1(5) 0.99 ± 0.05(5) 1.03 ± 0.0')(4) 
NS (µmole/ml) 17.47 ± 3.48(5) 23. 17 ± 1 .95(3) 17.47 ± 1 .81(5) 18.53 ± 1.62(4) 
cs 18.47 ± 2.76(5) 19.73 ± 1 .91(5) 16.43 ± 0.81(5) 17.13 ± 1 .50(4) 
(.283 J 
01 
Urine Output (ml) 
0 
NS 3.36 ± 0.63(5) 1 .08 ± 0.63(4) 2.25 ± 0.26(4) 7.05 ± 0.75(4) 
cs 5.26 ± 0.71(5) 2.38 ± 0.33(5) 2.38 ± 0.10(4) 10.47 ± 0.88(4) 
(.080 J [.090 J [.030 J 
Total lsopropanol Excretion 
NS (mg) 3.43 ±0.77(5) 3.1 8  :t 0.70(2) 2.60 ± 0.38(4) 7.05 ± 0.60(4) 
cs 5.5 1 ± 0.62(5) 2.92 ± 0.52(5) 2.40 :t 0.23(4) 10.68 :t 0.60(4) 
NS (µmole) 57.20 ± 12.92(5) 53.00 :t 1 1 .67(2) 43.25 ± 6.28(4) 1 1 7.55 :t 12.5 1(4) 
cs 91.90 ± 10.28(5) 48.60 ± 8.67(5) 39.96 ± 3.89(4) 177.93 ± 17.62(4) 
[.069 J [.032 J 
Pcrt:ent of Dose Excrcled 
NS 0.42 ± 0.09(5) 0.39 ± 0.08(4) 0.32 ± 0.04(4) 0.88 ± 0.10(4) 
cs 0.62 ± 0.0<,(5) 0.33 ± O.OC>(5) 0.28 ± 0.03(4) 1 .2 1  ± 0.10(4) 
(.056 J 
lkmrly l�nol Excretion 
NS (mg/g BW·huur) 0.()()4 ± .(XH(5) 0.()()4 ± .001(2) 0.003 ± .0004(4) 0.003 ± .0002(4) 
cs 0.0()6 ± .001(5) 0.()()j ± .001(5) 0.003 ± .0003(4) 0.004 ± .0004(4) 
NS (µmolc/gBW-huur) 0.()69 ± .015(5) 0.066 ± .0 13(2) 0.054 ± .007(4) 0.050 ± .0()4(4) 
cs 0. 104 ± .010(5) 0.055 ± .0 10(5) 0.046 ± .005(4) 0.067 ± .006(4) 
Values arc means ± SEM. Levels of significance for differences compared hy t tcst at P>lt I arc shown in brackets. Values in parentheses arc 
numbers of animals in groups. 
Table 4.8. Urinary Clearance of lsopropanol 
Diet 
Urine Collection (Blood Sample) NS cs P>lt I =0.05 
ml/period· kg ml/period·kg 
ml/min·kg ml/min·kg 
0-2 Hours (1 Hour) 8.79 + 2.22 (5) 12.95 ± 1 .72 (5) NS 
0.073 ± 0.019 0. 108 ± 0.0 14 
2-4 Hours (3 Hours) 8.7 1 ± 1 .03 (4) 7.32 ± 1 . 14 (5) NS 
0.073 ± 0.009 0.061 ± 0.010 
4-6 Hours (5 Hours) 8.03 + 1 .43 (4) 6.99 ±' 0.89 (4) NS 
0.067 ± 0.012 0.058 ± 0.007 
6 Hour Total (3 Hours) 19.37 + 2.39 (4) 27.67 ± 2.32 (4) 0.047 
0.054 ± 0.007 0.077 ± 0.006 
Values are means ±SEM. Numbers in parentheses are numbers of animals in groups . 
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Figure 4.4. Blood acetone concentrations following isopropanol treatment. Time scale is 
expanded. 






















1.40 (5) 5.22 
1.14 (5) 10.55 
1.13 (5) 18.15 
3.32 (5) 27.56 
2.46 (5) 40.22 
7.70 (5) 67.43 
9.14 (5) 89.48 
cs 
± 1.98 (4) 
± 1.49 (5) 
± 2.29 (5) 
± 3.56 (5) 
± 3.51 (5) 
± 9.56 (5) 
± 12.87 (5) 
Values are means ± SEM. Numbers in parentheses are numbers of animals in groups. 
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Table 4.10. Blood Acetone Kinetics. 
Diet 
Parameter NS cs P>lt I =0.05 
Appearance Slope 
(0.666 hours) 
(mg/dl·hr) 24.80 ± 1.53 (5) 26.15 ± 2.68 (5) NS 
Peak Blood Level 
Time 
(hour) 6.00 ± 0.00 (5) 5.60 ± 0.40 (5) NS 
Concentration 
(mg/di) 84.29 ± 9.14 (5) 89.82 ± 12.71 (5) NS 
Appearance Slope 
(to peak) 
(mg/dl·hr) 13.69 ± 1.60 (5) 15.38 ± 1.87 (5) NS 
Area Under Curve 
6 hours 
(mg/dl·hrs) 294.38 ± 29.40 (5) 312.92 ± 38.65 (5) NS 
Values are means ±SEM. Values in parentheses are numbers of animals in groups. 
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The excretion of acetone in the urine is shown in Table 4. 1 1 . Camitine 
supplementation did not significantly increase the urine acetone concentration. The 
carnitine induced increase in urine volume resulted in increased total acetone excretion and 
increased hourly rate of acetone excretion in urine. The urinary clearance of acetone in the 
CS group (Table 4. 12) followed a pattern similar to that of isopropanol with a 40% 
increase above the NS group (13.53, NS vs. 19.29,CS) in the total for 6 hours. Figures 
4.5 and 4.6 graphically depict the blood and urine concentration curves for both 
isopropanol and acetone. Contrary to the observations with methanol, camitine's effect on 
urine output and hence on isopropanol or acetone excretion was not sufficient to alter blood 
isopropanol or acetone levels as less than 2% of the dose was excreted unchanged. 
4,3 Ethylene Glycol 
Blood ethylene glycol concentrations (BEGC) following a 5.56 g/kg dose of ethylene 
glycol in male rats (Figure 4.7, Table 4. 1 3) were 22% lower at 1 hour with carnitine 
supplementation. This apparent depression in the BEGC of the CS group did not result in 
any statistically significant differences of absorption slopes even though they were lower in 
the CS group (Table 4. 14). The peak BEGCs were not significantly different in the CS 
group and the NS group and the time to reach the peak BEGC was slightly lengthened with 
camitine supplementation in the time span of this observation period. The CS group 
BEGC curve may still be increasing and this may not be the true peak. The areas under the 
curves of the two groups were not significantly different between the groups, nor were 
systemic clearances. Only two CS animals showed declines in their BEGC curves by 6 
hours, whereas all six of the NS animals had entered the elimination phase, but there were 
no statistical differences in the calculated elimination slopes. The theoretical instantaneous 
5 5  
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Table 4. 1 1 . Excret ion of Acetone in Urine Post lsopropanol Administ ration. 
Collection Times (Hours Post lsopropanol Administration) 
P-.nmctcr 0-2 · 2-4 4-6 6 hour lOlal 
Concentration 
NS (mg/ml) 0.27 ± 0.07(5) 0.5 1  ± 0.03(3) 0.58 ± 0. 10(5) 0.42 ± 0.08(4) 
cs 0.33 ± 0.05(5) 0.58 ± 0. 13(5) 0.69 :t 0. 15(5) 0.43 :t 0.04(4) 
NS {µmole/ml) 4.69 ± 1 . 19(5) 8.85 ± 0.57(3) 9.93 ± 1 .73(5) 7.22 :t 0.72(4) 
cs 5.69 ± 0.91(5) 10.00 ± 2. 19(5) 1 1 .93 :t 2.53(5) 7.48 :t 1 .30(4) 
Urine Output (ml) 
NS 3.36 ± 0.63(5) 1 .08 :t 0.63(4) 2.25 ± 0.26(4) 6.63 ± 0.52(4) 
cs 5.26 ± 0.71(5) 2.38 ± 0.33(5) 2.38 :t 0.10(4) 10.47 :t 0.88(4) 
(.08 1 [.OCJ J (.009 J 
TOia.i AcelOnc Excretion 
NS (mg) 0.93 ± 0.25(5) 1 .0CJ ± 0.23(2) 1 .50 :t 0.32(4) 2.79 :t 0.37(4) 
cs 1.66 :t 0.25(5) 1 .49 ± 0.35(5) 1.60 :t 0.49(4) 4.62 :t 0.98(4) 
NS (µmole) 16.03 :t 4.37(5) 18.88 ± 4.05(2) 25.82 ± 5.58(4) 48.01 ± 6.43(4) 
cs 28.59 ± 4.26(5) 25.65 ± 5.98(5) 27.58 :t 8.49(4) 79.69 ± 16.85(4) 
(.074 J (. 129 J 
Hourly Acetone Excretion 
NS (mg/g BW-hour) 0.(>01 ± .<Xl03(5) 0.(lOI ± .(JCl(l2(2) 0.002 ± .0004(4) 0.(Xll ± .0001(4) 
cs 0.002 ± .CXX>3(5) 0.002 ± .0004(5) 0.002 ± .001(4) 0.002 :t .0004(4) 
NS (µmolc/g BW -hour) 0.019 ± .005(5) 0.024 ± .001(2) 0.032 ± .007(4) 0.020 ± .003(4) 
cs 0.032 ± .004(5) 0.029 ± .007(5) 0.032 ± .010(4) 0.030 ± .007(4) 
[.089 J [ . 188 J 
Vahlcs am lllfflM ± SEM. I ..cvcts of significance for differences compared by I test at P>l1 I arc shown in brackclS. Values in parentheses arc 
numbers of animals in groups. 
Table 4.12. Urinary Clearance of Acetone 
Diet 
Urine Collection (Blood Sample) NS cs P>lt I =0.05 
mVperiod· kg ml/period· kg 
ml/min·kg ml/min·kg 
0-2 Hours ( 1 Hour) 10.28 + 3.00 (5) 15.92 ± 4.05 (5) NS 
0.086 ± 0.025 0. 133 ± 0.034 
2-4 Hours (3 Hours) 5.78 + 0.57 (2) 7.05 + 1 .87 (5) NS 
0.048 ± 0.005 0.059 ± 0.016 
4-6 Hours (5 Hours) 5.88 ± 2.00 (4) 4.63 + 1 .44 (4) NS 
0.049 ± 0.017 0.039 ± 0.012 
6 Hour Total (3 Hours) 13.53 + 2.52 (4) 19.29 + 3.32 (4) 0.217 
0.037 ± 0.007 0.054 ± 0.009 
Values are means ±SEM. Numbers in parentheses are numbers of animals in groups. 
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Table 4.13. Blood Ethylene Glycol Concentrations. 
Hours 









60. 16 ± 
140. 18 ± 
153.92 ± 
180.00 ± 
176. 12 ± 
167.95 ± 
Blood Ethylene Glycol 
(mg/ell) 
(Diet) cs 
3 .17 (5) 73.53 ± 7.34 (6) 
11 .49 (5) 127.02 ± 16. 18 (5) 
12.92 (5) 139.98 ± 12.74 (6) 
19.05 (5) 140.85 ± 8.29 (6) 
27.51 (5) 160.35 ± 1 1 .39 (6) 
17 .8 1 (6) 170.33 ± 21.84 (6) 
Values are means ± SEM. Number in parentheses is number of animals in groups. 
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Table 4.14. Blood Ethylene Glycol Kinetics 
Diet 























Volume of Distribution 
(Llkg) 
263.68 ± 37.33 (6) 
2.83 ± 0.75 (6) 
206.38 ± 16. 19 (6) 
93.61 ± 32.00 (6) 
1015 ± 86 (6) 
0.561 ± 0.044 (6) 
9.35 ± 0.73 
- 16.52 ± 4.75 (6) 
245. 15  ± 37. 18  (6) 
2.46 ± 0.38 (6) 
182.95 ± 17.83 (6) NS 
3.77 ± 1 .04 (6) NS 
186. 18  ± 13 .9 1 (6) NS 
74.08 ± 33. 16 (6) NS 
915  ± 58 (6) NS 
0.620 ± 0.040 (6) NS 
10.33 ± 0.67 NS 
- 10.78 ± 4.41 (2) NS 
175.75 ± 13.05 (2) NS 
3.20 ± 0.23 (6) NS 
Values are means ±SEM. Data for Elimination Slope and C0 for CS group are taken from 
2 points only as all others in group reached a plateau at 6 hours and did not show 
elimination. Ke! is the elimination rate constant Co is the theoretical instantaneous 
distribution concentration at time of dosing. Values in parentheses are numbers of animals 
in groups. 
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distribution was lower in the CS animals than the in the NS animals which corresponds to 
the higher volume of distribution in CS animals . 
Unlike the isopropanol and methanol experiments, camitine supplementation induced 
only a slight non-significant increase in the concentration of ethylene glycol in the urine in 
the 0-2 hour collection and had no effect on urine volume in any collection period (Table 
4.15). Carnitine supplementation did not result in a statistically significant increase in total 
ethylene glycol excretion, percentage of the dose excreted, or rate of hourly ethylene glycol 
excretion. The percentage of the ethylene glycol dose excreted is considerably higher than 
for methanol or isopropanol. The urinary clearance of ethylene glycol from the blood 
(Table 4. 16) showed no statistically significant increases in the CS group but a slight 
increase in the 0-2 hour clearance is notewonhy. The blood and urine ethylene glycol 
concentration curves are summarized in Figure 4.8. 
4.4 Ethylene Glycol and Ethanol 
The effect of a 3.0 g/kg dose of ethanol on ethylene glycol metabolism was studied in 
the CS rats because ethanol is frequently administered as an antidote for ethylene glycol 
poisoning. The BEGC curves show that the BEGC curve of the CS group enters the 
elimination phase within an hour after the ethanol administration which was actually 2 
hours post-ethylene glycol gavage. The BEGC curve of the NS group plateaued and 
quickly dropped off 3 hours post ethanol or 4 hours post-ethylene glycol gavage (Figure 
4.9, Table 4. 17). The BEGCs are much higher in this study than in the study with 
ethylene glycol alone even though the dose of ethylene glycol was the same (see Table 
4.13). For example, the peak BEGC for the NS group is 257 mg/dl vs. 206 mg/dl and the 
peak BEGC for the CS group is 220 mg/dl vs. 170 mg/dl. This may be an  artifact of the 
differences in sizes of rats used for the two studies or may be due to tht! �: ff�ct of the 
6 3  
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Table 4.15. Excretion or Unchanged Ethylene Glycol in the Urine 
Collection Times (Hours Post Ethylene Glycol Administration) 
Parameter 0-2 
Concentration 
NS (mg/ml) 17.82 ± J .93(6) 
cs 21 . 14 ± 2.59(6) 
NS (Jlmolc/ml) 287.44 ± 31 .22(6) 
cs 340.91 ±4 1 .88(6) 
Urine Output (m1) 
NS 3.23 ± 0.83(6) 
cs 3.40 ± 0.54(6) 
Total Ethylene Glycol Excretion 
NS (mg) 55.58 ± 12.28(6) 
cs 71 .74 ± 13.05(6) 
NS (Jlmole) 896.59 ± )98.06(6) 
cs 1 157.15 ± 210.59(6) 
Pcn:cnt of Dose Excreted 
NS 2.46 ± 0.54(6) 
cs 3.27 ± 0.64(6) 
Hourly Ethylene Glycol Excretion 
NS(mg/g DW-hour) 0.069 ± .015(6) 
cs 0.09) ± .018(6) 
NS (µmoJe/g BW•hour) 1 . 1 1 ± 0.24(6) 
cs 1 .47 ± 0.29(6) 
24 
3 1 . J4 ± 3.21(6) 
30.69 ± 4.69(6) 
502.31 ± 51 .74(6) 
495.03 ± 75.69(6) 
7.23 ± 0.92(6) 
6.66 ± 0.89(6) 
220.90 ± 36.)2(6) 
219.23 ± 54.8)(6) 
3562.90 ± 582.55(6) 
3536.02 ± 884.09(6) 
9.87 ± 1 .64(6) 
9.83 ± 2.40(6) 
0.275 ± .CW6(6) 
0.274 ± .067(6) 
4.43 ± 0.73(6) 
4.42 ± 1 .08(6) 
4-6 
25.88 ± 3.�(6) 
24.68 ± 3.18(6) 
4 17.42 ± 49.73(6) 
398.09 ± 51 .26(6) 
7.43 ± 0.99(6) 
7.9) :t 0.48(6) 
190. JO± 33.79(6) 
)92.80 ± 25.14(6) 
3066.13 ± 545.09(6) 
3 109.68 ± 405.53(6) 
8.48 ± 1 .49(6) 
8.63 :t 1.12(6) 
0.236 ± .CW1(6) 
0.240 ± .03 )(6) 
3.80 ± 0.67(6) 
3.88 ± 0.5 1(6) 
6 hour total 
26.66 ± 2.61 (6) 
26.59 ± 3.44(6) 
429.97 ± 42.16(6) 
428.84 ± 35.52(6) 
17.90 ± 2.S0(6) 
17.98 ± 1.27(6) 
466.76 ± 75.18(6) 
483.78 :t 79.46(6) 
7528.33 ± 1212.56(6) 
7802.96 ± 1281 .70(6) 
20.83 ± 3.36(6) 
2 J .76 ± 3.56(6) 
0.193 ± .031 (6) 
0.202 ± .033(6) 
3.) 2  ± 0.50(6) 
3.26 ± 0.53(6) 
Values arc means :t S6M. Values in parenthc5cs are 111,mhcrs of animals in groups. There were no significant differences by l tcsl al P>lt 1 = 
0.05. 
Table 4.16. Urinary Clearance of Ethylene Glycol 
Diet 
Urine Collection (Blood Sample) NS cs 
0-2 Hours ( 1  Hour) 
2-4 Hours (3 Hours) 
4-6 Hours (5 Hours) 





90.36 ± 29.02 (5) 133 .05 ± 26. 1 1  (6) 
0.753 ± 0.242 1 . 108 ± 0.217  
324.50 + 82.67 (5) 333.35 ± 68.36 (6) 
2.704 ± 0.689 2.778 ± 0.569 
326.25 ± 53.76 (5) 291 .46 ± 39.21 (6) 
2.7 18  ± 0.448 2.492 ± 0.327 
790.36 ± 139.86 (5) 758.33 ± 1 12.62 (6) 
2. 195 ± 0.389 2. 106 ± 0.3 13 
Values are means ±SEM. Numbers in parentheses are numbers of animals in groups. 
There were no significant differences by t test at P>lt 1=0.05 
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Figure 4.9. Blood ethylene glycol concentrations with ethanol treatment. Time scale is 
expanded. Arrow indicates time at which ethanol was administered. 
Table 4.17. Blood Ethylene Glycol Concentrations with Ethanol Treatment 
Hours 
Po st Ethylene Glycol 
Administration 












Blood Ethylene Glycol 
(mg/di) 
NS 
4 3 .0 8  ± 14.4 3  (4 ) 
115.4 2  ± 12 .09 (4 ) 
165.82 ± 2 8.3 8  (4 ) 
14 2.8 3  ± 8.14 (4 ) 
167.70 ± 12 .69 (4 ) 
2 3 6.85 ± 24.2 2  ( 4 )  
2 15.85 ± 12 .10 (4 ) 
209 .3 5 ± 17.69 (4 ) 
2 57.2 5 ± 4 1.9 2  (4 ) 
20 5.50 ± 12 .0 5  (4 ) 
10 3 .0 5  ± 3 5 .00 (4 ) 
(Diet ) cs 
64.3 3 ± 20 .61 (4 ) 
115.88 ± 6.4 5  (4 ) 
172 .4 8  ± 34 .72 (4 ) 
184.6 3  ± 24.19 (4 ) 
170.70 ± 2 3 .9 5  ( 3 ) 
2 20.55 ± 3 1.69 (4 ) 
19 3 .3 7  ± 11.14 ( 3 ) 
171.10 ± 56.74 ( 3 )  
172 .9 5  ± 39 .88 (4 ) 
118.0 7 ± 2 5.94 (4) 
12 2 .00 ± 2 7.61 (4) 
Value s are means ± SEM. Number s in parenthe se s are numbers of  animals in groups. 
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ethanol treatment. It may be pointed out that all the CS animals of this study entered the 
elimination phase by 5 hours post ethylene glycol gavage compared to only 2 of 6 CS 
animals given ethylene glycol alone (see Section 4.3). 
The kinetic analysis of the BEGC curve in the presence of ethanol is shown in Table 
4. 18. The initial absorption slopes prior to ethanol treatment revealed no significant 
differences between the two diet groups. The absorption slope taken after ethanol treatment 
reveals a 50 % reduction in the rate of absorption in the CS group though wide deviations 
and small sample size prevent this from being a statistically significant effect . The peak 
BEGC and peak time indicate that the elimination of ethylene glycol began sooner after 
ethanol administration in the CS group than in the NS group. There were no significant 
differences in areas under the curve though the increased systemic clearance in the CS 
group approached a significant difference above the NS group. The elimination slope of 
ethylene glycol was not as steep in the CS group as it was in the NS group but commenced 
earlier. Carnitine supplementation lowered the theoretical instantaneous distribution which 
resulted in a higher volume of distribution. This effect was also noted in Table 4. 14 for 
ethylene glycol alone. 
As was the case with the ethylene glycol alone there were no significant effect s of 
camitine supplementation on the excretion of ethylene glycol in the urine even after the 
ethanol treannent (Table 4. 19). There were no significant differences between the NS and 
CS groups in the concentration of ethylene glycol in the urine, urine volume, total ethylene 
glycol excretion, percent of the dose excreted or the hourly excretion rate.  The p�rcent of 
the dose of ethylene glycol excreted was 75% higher in this experiment than with ethylene 
glycol alone (fable 4. 15). The urinary clearance showed a non-significant but noticeable 
trend, however, the CS group was more effective in ridding the body of ethylene glycol by 
renal excretion (fable 4.20). This was not seen with the ethylene glycol alone. Larger 
sample sizes in future studies may reveal the significance of this effect. 
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Table 4.18. Blood Ethylene Glycol Kinetics with Ethanol Treatment. 
Diet 
Parameter NS cs P>lt I =0.05 
Absorption Slope 
(0. 6 6 6  hours) 
(mg/ell· hr) 242. 67 ± 38.59 (4) 237.44 ± 44.64 (4) NS 
Peak Blood Level 
Time 
(hour) 2.83 ± 0. 67 (4) 1.9 1 ± 0.4 1 (4) .292 
Concentration 
(mg/ell) 28 6.72 ± 3 1.2 6 (4) 245.92 ± 15.00 (4) .284 
Absorption Slope 
(post ethanol 0. 6 6 6 hours) 
(mg/cll·hr) 142.43 ± 34.98 (4) 74.20 ± 50. 13 (4) .307 
Area Under Curve 
7 hours 
(mg/ell· hrs) 1297.37 ± 32.28 (4) 1075.83 ± 144.94 (4) . 18 6  
Systemic Clearance 
7 hours 
(L/hr·kg) 0.429 ± 0.0 1 1  (4) 0.54 1 ± 0.058 (4) . 109 
(ml/min· kg) 7. 15 ± 0. 18 9.02 ± 0.97 
Elimination Slope Ke1 
(mg/dl·hr) -4 1.88 ± 2 1.49 (4) -23. 6 1  ± 6.23 (4) NS 
Co 
(mg/ell) 40 6. 14 ± 1 18. 69 (4) 2 65.85 ± 45.83 (4) .3 12 
Volume of Distribution 
(1.1kg) 1.64 ± 0.33 (4) 2.3 1 ± 0.44 (4) .273 
Values are means ±SEM. Values in parentheses are numbers of animals in groups. C0 is 
the theoretical instantaneous distribution concentration at time of dosing. 
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Table 4. 19. Excretion of Unchanged Elhylene Glycol in Urine Following Et hanol Trealmcnt. 
Collection Times (Hours Post Ethylene Glycol Administr.ition) 
P..iramc1er 0-l Prc ETOH 1-2 Post ETOH 2-3 3-.5 5-7 7 hour total 
Concentration 
NS (mg/ml) 24.43 ± 3.55(4) 24.73 ± 1 .42(4) 32.89 ± 5.08(4) 44.19 ± 2.73(4) 43.93 ± 3.70(4) 35.39 ± 2.35(4) 
cs 29.19 ± 7.48(4) 26.22 .t. 3.19(4) 40.70 .t. 5. 10(4) 42.27 .t. 5.73(4) 49.61 .t. 3.14(4) 39. 17 ± 1.59(4) 
NS (µmole/ml) 394.1 1 ± 57.27(4) 398.87 ± 22.90(4) 530.48 ± 81 .95(4) 712.74 ± 44.14(4) 708.51 ± 59.68(4) 570.85 ± 37.87(4) 
cs 470.81 ± 120.68(4) 422.94 ± 51 .48(4) 656.57 ± 82.3 1(4) 68 1 .69 ± 92.46(4) 800. 12 ± 50.65(4) 63 1 .8 1  ± 25.77(4) 
Urine Ouq,ut (ml) 
NS 1 .98 ± 0. 19(4) 2.35 ± 0.55(4) 4.28 ± 0. 19(4) 4.15 ± 0.58(4) 2.87 ± 0.71(4) 16.22 ± 1 .51(4) 
"' cs 1 .48 ± 0.S4(4) 3.40 ± 0.62(4) 3.60 ± 0.34(4) 4.72 ± 0.46(4) 2.70 ± 0.43(4) 15.90 ± 1.03(4) 
Total Ethylene Glycol Excretion 
NS (mg) 46.72 ±3.91 (4) 60.43 ± 17.07(4) 1 39.86 ± 20.56(4) 214.71 ± 35.66(4) 1 19.01 ± 17.47(4) 580.98 ± 79.04(4) 
cs S2.90 ± 4.41 (3) 88.06 ± 17.22(4) 149.64 ± 28.38(4) 205.98 ± 45.03(4) 130.80 ± 13.84(4) 614. 16 ± 49.28(4) 
NS (pmole) 753.S ± 63.0(4) 974.7 ± 275.4(4) 2255.8 .t. 33 1. 7(4) 3463.1 ± S1S.2( 4) 1919.6 ± 281 .8(4) 9370.7 ± 1274.9(4) 
cs 853.2 ± 7 1.2(3) 1420.4 ± 277.7(4) 2413.6 ± 457.7(4) 3322.2 ± 726.3(4) 2109.7 ± 223.2(4) 10035.2 ± 758.3(4) 
Pcn:cnt of Dose Excreted 
NS 2.91 ± 0.24(4) 3.69 ± 0.98(4) 8.64 ± 1 .08(4) 13.29 ± 2.07(4) 7.34 ± 0.79(4) 35.87 ± 3.96(4) 
cs 3.19 ±0.42(3) 5.40 ± 1 .17(4) 9.24 ± 1 .94(4) 12.53 ± 2.92(4) 7.87 ± 0.63(4) 37.44 ± 3.87(4) 
Hourly Ethylene Glycol Excrelion 
(mg/g BW·hour) 
NS 0.162 ± .013(4) 0.206 ± .054(4) 0.481 ± .060(4) 0.367 ± .061 (4) 0.205 ± .022(4) 0.285 ± .o:12(4) 
cs 0. 178 ± .023(3) 0.300 ± .065(4) 0.515 ± . 108(4) 0.348 ± .08 1(4) 0.219 ± .018(-1) 0.301 ± .02')(4) 
(µmole/g DW·hour) 
NS 2.62 ±0.21(4) 3.32 ± 0.87(4) 7.76 ± 0.97(4) 5.92 ± 0.98(4) 3.30 ± 0.36(4) 4.61 ± 0.51(4) 
cs 2.87 ± 0.37(3) 4.85 ± 1 .05(4) 8.31 ± 1.74(4) 5.62 ± 1 .31(4). 3.53 ± 0.28(4) 4.86 ± 0.47(4) 
Values arc means ± SEM. V;1lucs in parcnlhcscs arc numbers of animals in groups. There were no significant diffcrcoccs by t tcst at P>lt I = 0.05. 
Table 4.20. Urinary Clearance of Ethylene Glycol with Ethanol Treatment 
Diet 
Urine Collection (Blood Sample) NS cs P>lt I =0.05 
ml/period· kg ml/period· kg 
ml/min·kg ml/min·kg 
Pre Ethanol Treatment 
0- 1 Hours (0.5 Hours) 125. 10 + 16.92 (4) 122.45 ± 12.97 (3) NS 
2.085 ± 0.282 2.041 ± 0.216 
Post Ethanol Treannent 
1-2 Hours (1 .5 Hours) 102.42 ± 26.34 (4) 195.68 + 81 . 3 1  (4) NS 
1 .707 ± 0.439 3.261 ± 1 .355 
2-3 Hours (2.5 Hours) 230.48 + 41 .89 (4) 307.5 1 ± 93 .92 (3) NS 
3.841  ± 0.698 5. 125 ± 1 .565 
3-5 Hours (4 Hours) 293.42 + 42.57 (4) 75 1 .92 ± 326.72 (4) NS 
2.444 ± 0.354 6.265 ± 2.722 
5-7 Hours (6 Hours) 279.52 + 48.40(4) 408.45 ± 149.27 (4) NS 
2.329 ± 0.403 3.404 ± 1 .244 
7 Hour Total (3.5 Hours) 7 15.03 ± 100.72 (4) 1235.66 ± 350.59 (4) 0. 161  
1 .702 ± 0.239 2.942 ± 0.834 
Values are means ±SEM. Numbers in parentheses are numbers of animals in groups. 
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The blood ethanol concentration (BEC) curves for ethylene glycol-ethanol treated 
animals are shown in Figure 4. 10 and data are given in Table 4.21 .  The only visual effect 
noted was that the BEC curve of the NS animals appears to be consistently lower than the 
CS BEC curve, but the shape of the two curves was similar. The kinetic analysis (Table 
4.22) show no significant differences between the NS and CS groups in the initial 
absorption slope, the peak blood levels or time to reach the peak. The absorption slope to 
the peak was slightly lower in the CS group than the NS group. The area under the BEC 
curve was higher in the CS group than in the NS group but not significantly so. Systemic 
clearance, elimination slope and Co and volume of distribution were not significantly 
different between the two groups. 
The urinary excretion of ethanol (Table 4.23) was not significantly different between 
the two groups. There was a slight increase in the total ethanol excretion, percent of the 
dose excreted, and the hourly excretion rate of ethanol in the CS group and these increases 
were independent of urine volumes which were not different between groups. Wide 
deviations make these effects statistically non-significant The urinary clearance of ethanol 
with the ethylene glycol treatment in the CS group shows higher clearances than the NS 
group in the 3-5 hour collection (2-4 hours post ethanol) and in the total for the period 
(Table 4.24). This was seen in the urinary ethylene glycol clearance of this experiment 
(Table 4.20) and shows the effect of the carnitine supplement and ethanol on the ethylene 
glycol excretion patterns. The blood and urine concentration curves of ethylene glycol 
with ethanol treatment are shown in Figure 4. 1 1  and the blood and urine levels of ethanol 
with ethylene glycol are shown in Figure 4. 12. 
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7.82 (4) 70.04 
16.59 (4) 106.43 
21.90 (4) 118.73 
16.82 (4) 116.34 
23.04 (4) 102.45 
15.94 (4) 75.76 
12.81 (4) 37.46 
cs 
± 9.06 (4) 
± 19.73 (4) 
± 17.91 (4) 
± 21.41 (4) 
± 19.64 (4) 
± 21.94 (4) 
± 25.72 (4) 
Values are means ± SEM. Numbers in parentheses are numbers of animals in groups. 
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Table 4.22. Blood Ethanol Kinetics with Ethylene Glycol Treatment 
Diet 
Parameter NS cs P>lt I =0.05 
Absorption Slope 
(0.666 hours) 
(mg/dl·hr) 151 .30 ± 25. 1 3  (4) 161.26 ± 29.89 (4) NS 
Peak Blood Level 
Time 
(hour) 2.00 ± 0.00 (4) 2.25 ± 0.25 (4) NS 
Concentration 
(mg/dl) 120.44 ± 21.89 (4) 120.77 ± 19. 8 1  (4) NS 
Absorption Slope 
(to peak) 
(mg/dl·hr) 128.95 ± 16.91 (4) 93.39 ± 9.84 (4) . 1 19 
Area Under Curve 
6 hours 
(mg/dl·hrs) 461.77 ± 90.28 (4) 507.07 ± 1 1 8.39 (4) NS 
Systemic Clearance 
6 hours 
(Uhr·kg) 0.750 ± 0. 177 (4) 0.682 ± 0. 134 (4) NS 
(ml/min· kg) 12.50 ± 2.95 1 1 .37 ± 2.23 NS 
Elimination Slo� Kel 
(mg/dl/hr) - 17.99 ± 3 .52 (4) -17.93 ± 1 .00 (4) NS 
Co 
(mg/di) 158.77 ± 26.67 (4) 166.33 ± 19.07 (4) NS 
Volume of Distribution 
(Ukg) 2. 15 ± 0.52 (4) 1.87 ± 0. 19 (4) NS 
Values are means ±SEM. Values in parentheses are the numbers of animals in groups. Co 
is the theoretical instantaneous distribution concentration at time of dosing. 
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Table 4.23. Excrelion or Unchanged Elhanol in Urine with Elhylene Glycol Treatment. 
Collection Times (Hours Post Ethylene Glycol Administration) 
Paramcler 1-2 2-3 3-5 5-7 6 hour total 
Concentration 
NS (mg/ml) 1 .36±0. 15(4) 1 . 15 ± 0.19(4) 1 . 13 ± 0.22(4) 0.72 ± 0.27(4) 1 .01 ± 0.1 8(4) 
cs 1 .27 ±0.39(4) 1 .S6 ± 031(4) 1 .28 ± 0.33(4) 0.47 ± 0.15(4) 1 .21 ± 0.3 1(4) 
NS {µmole/ml) 29.45 ± 3.20(4) 25.00 ± 4.24(4) 24.56 ± 4.74(4) 15.49 ± 5.88(4) 23.96 ± 3.95(4) 
cs 21.ro ± 8.S6(4) 33.97 ± 6.72(4) 27.77 ± 7.22(4) 10.27 ± 3.27(4) 26.47 ± 6.74(4) 
Urine Ouq,ut (ml) 
NS 2.35 ±0.55(4) 4.28 ± 0.19(4) 4.75 ± 0.58(4) 2.87 ± 0.71(4) 14.25 ± 1 .64(4) 
-...J cs 3.40 ± 0.62(4) 3.ro ± o.34(4) 4.72 ± 0.46(4) 2.70 ± 0.43(4) 14.42 ± 0.88(4) 
-...J 
Total Ethanol Excretion 
NS (mg) 3.06 ± 0.69(4) 4.98 ± 1 .00(4) 5.45 ± 1 .4 1(4) 1 .82 ± 0.59(4) 15.31 ± 2.64(4) 
cs 4.93 ± 1 .93(3) 5.80 ± 1 .48(4) 6.34 ± 2.37(4) 1 . 13 ± 0.23(4) 18.21 ± 5.73(4) 
NS (µmole) 66.63 ± 14.98(4) 108.26 ± 21 .80(4) 1 18.48 ± 30.64(4) 39.51 ± 12.97(4) 332.88 ± 57.39(4) 
cs 107. 17 ±41 .89(3) 126.19 ± 32.25(4) 137.83 ± 51 .66(4) 24.67 ± 5.1 3(4) 395.92 ± 124.7 1(4) 
Percent of Dose Excreted 
NS 0.35 ± 0.08(4) 0.59± 0. 12(4) 0.64 ±0, 17(4) 0.21 ± 0.07(4) 1 .78 ± 0.32(4) 
cs 0.56 ± 0.23(4) 0.67 ± 0.19(4) 0.73 ± 0.29(4) 0. 13 ± 0.03(4) 2.09 ± 0.71(4) 
Hourly Ethanol Excretion 
(mg/g BW·hour) 
NS O.ot I ±  .002(4) 0.018 ± .004(4) 0.010 ± .(X)3(4) 0.003 ± .0010(4) 0.009 ± .001(4) 
cs 0.017  ± .007(3) 0.020 ± .005(4) 0.01 1 ± .004(4) 0.()02 ± .0004(4) 0.010 ± .003(4) 
(µmoJc/g BW·hour) 
NS 0.231 ± .052(4) 0.381 ± .082(4) 0.207 ± .055(4) 0.068 ± .023(4) 0.194 ± .035(4) 
cs 0.368 ± . I 52(3) 0.437 ± . 122(4) 0.238 ± .096(4) 0.042 ± .01()(4) 0.227 ± .077(4) 
Valtte! :tre me.ms ± Sl!M. Vafucs in parentheses arc numt>ers of animals in groups. There were no significant di fferences by t lest at l>;>lt I =  0.05. 
Table 4.24. Urinary Clearance of Ethanol in Ethylene Glycol Treated 
Animals 
Diet 
Urine Collection (Blood Sample) NS cs 
mVperiod· kg ml/period· kg 
ml/min·kg ml/min·kg 
Ethanol Treatment (1 .00 Hours) 
1-2 Hours (1 .5 Hours) 14.41 ± 2.87 (4) 12.50 ± 4.76 (4) 
0.240 ± 0.048 0.208 ± 0.079 
2-3 Hours (2.5 Hours) 10.77 ± 4.26 (4) 13.77 + 2.40 (4) 
0. 1 80 ± 0.07 1 0.230 ± 0.040 
3-5 Hours (4 Hours) 20. 13  + 2.32 (4) 39.69 + 19.75 (4) 
0. 168 ± 0.019 0.33 1 ± 0. 165 
5-7 Hours (6 Hours) 1 1 .99 + 3.04 (4) 8.03 ± 1 . 10(4) 
0. 100 ± 0.025 0.067 ± 0.009 
7 Hour Total (3.5 Hours) 57.62 + 7.36 (4) 62.68 + 20.88 (4) 
0. 160 ± 0.020 0. 174 ± 0.058 
Values are means ±SEM. Numbers in parentheses are numbers of animals in groups. 
There were no significant differences by t test at P>lt 1=0.05. 
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Figure 4. 1 1 .  Blood ethylene glycol concentrations and total urinary ethylene glycol 
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Figure 4. 12. Blood ethanol concen rrations and total urinary ethanol excretion with ethylene 
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5. 1 Factors Governio& Metabolism and Excretion of the Alcohols in General 
A general scheme of the factors influencing drug disposition is shown in 
Figure 5 . 1 .  The concentration of the drug in the central compartment (blood or 
extracellular fluid) is related to the rate of absorption. The rate of removal from the central 
compartment is related to the activity of enzymes in the pathways of biotransfonnation and 
also to the routes of excretion. It must be noted that metabolism and excretion can and do 
begin before absorption is complete (44). 
Baggot (44) makes the following general comments about drug elimination by 
excretion. "The degree of lipid-solubility and extent of ionization in biological fluids are 
the main factors that detenninc the proportion of the therapeutic dose of any drug eliminated 
by excretion. Polar drugs and the majority of drug metabolites are excreted in the urine." 
Excretion usually follows first order kinetics except when special transport mechanisms are 
used and overwhelmed then it become zero order (44). 
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Figure 5. 1 .  Schematic representation of the processes that influence uptake, 
access to site of action, and removal of a drug from the body. 
Source: Baggot, J.D. (1977) Principles of Drug Disposition in Domestic Animals, 
W.B. Saunders Company, Philadelphia, p. 4. (ref.44) 
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5,2 Effects of Camitine on the Metabolism of Alcohols 
5.2, I Methanol 
The effect of carnitine on blood methanol was to decrease the blood methanol 
concentrations especially at time points less than 4 hours. This may be only due to the 
effect of increased urinary excretion of methanol. The actual percent of the methanol dose 
excreted in the urine is so low that increased urinary methanol excretion alone cannot 
account for this decline. Increased loss to expired air could also be occurring. Tephly et al 
( 16) found an equal division of excreted methanol between the renal and pulmonary routes. 
If the distribution remained equal then an increase methanol excretion in the expired air also 
occurred. The absorption slopes of methanol in the CS group were lower than the NS 
group which may be due to an actual decrease in absorption due to complex formation (See 
Section on Micelles 5 . 3. 1) or due to rapid initiation of elimination before absorption was 
complete. 
Camitine may induce the peroxisomal methanol metabolizing enzyme system. 
Camitine is found in the peroxisomes (33) and may enhance the action of the 
catalase-peroxidase system by reducing membrane disorder as was seen by Guzman and 
Geleen (43) with ethanol and carnitine. Carnitine supplementation and the concomitant rise 
in long-chain acylcarnitines may be creating the proper intracellular conditions for catalase 
and peroxide to combine. It may be that the acylcamitines are acting as detergents to an 
extent and promoting the release of catalase from the peroxisome. Van Harken (17) found 
that treatment of peroxisomes with deoxycholate, a detergent, increased the catalase activity 
. This follows in accord with deDuve who stated that catalase and the peroxide generating 
systems reside together in the peroxisomes for maximum effectiveness ( 13). 
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Hertz and Bar-Tana (45) postulated a role for camitine acyltransferase in the 
inductions of peroxisomal enzymes of fatty acid 8-oxidation. Natural prolif erators of the 
peroxisomal B-oxidation system are long chain fatty acids. Xenobiotics such as 
benzafibrate and clofibrate, hyperlipidemic agents, are also shown to induce the 
peroxisomal 8-oxidation system ( 45,46). Clofibrate feeding stimulated both ethanol and 
methanol oxidation in the Sprague Dawley rat This stimulation was sensitive to 
3-amino- 1 ,2,4 triazole, the catalase inhibitor. This study showed that stimulation of one 
peroxisomal enzyme system (B-oxidation of fatty acids) could result in the stimulation of 
another enzyme system (catalase). Carnitine feeding may increase the activity of 
peroxisomal enzymes by increasing the number of binding sites for long-chain fatty acids 
in the peroxisomes of various tissues, a sort of simulated state of starvation which has been 
shown to enhance the benzafibrate mediated induction of enzyme systems (45). Catalase 
activity in the Wistar rats used by Hertz and Bar-Tana was not increased by starvation 
which was contrary to the effect observed in Sprague-Dawley rats (45). Mynatt (47) 
measured the catalase activity in liver fractions from non-supplemented and camitine 
supplemented Sprague-Dawley rats. He reported no differences in the catalase activity as 
measured by the reduction of H202 . 
Van Harken ( 17) discussed the need for experiments designed for measurement of 
catalase with "nascent peroxide". The direct addition of H20i to reaction mixtures yields 
erroneous measurements of catalase mediated conversion of alcohol to aldehyde. 
Hydrogen peroxide must be added, according to Van Harken by adding an entire enzyme 
system (e.g. glucose:glucose oxidase) or by diffusing H202 vapor or mist into the mixture 
or by the dropwise addition of minute amounts of H202 solution (17). The apparent lack 
of any significant differences in the catalase activity of camitine supplemented animals has 
been reported (47) but the conclusions of Van Harken (17) leave room for the specul : i t ion 
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that it is not necessarily the activity of catalase alone that is of interest in the metabolism of 
methanol . The placement of catalase within the context of a peroxide generating system 
must be considered as a whole and the activities of the entire system must be assessed. 
5,2,2, Isopropanol 
Camitine supplementation resulted in no differences in the blood isopropanol or 
blood acetone concentration cmves. It is therefore inf erred that there were no differences in 
the metabolism of isopropanol and acetone between the CS and NS animals. This lack of 
difference could be due to the nature of isopropanol metabolism which is not as highly 
reactive with ADH as ethanol and has alternate means of disposition via conjugation ( 1  ).
The fact that alterations in the redox state do not occur with isopropanol (7 ,8) also may 
limit the influence of camitine on metabolism. The increased reduction state of the 
extra-mitochondrial enzyme systems as well as the mitochondrial enzyme systems with 
ethanol administration precipitates many of the metabolic alterations seen with ethanol 
administration such as decreasing the activity of the tricarboxylic acid cycle ( 12) .  The rate 
of B-oxidation of fatty acids is not regulated by the NAD+H+/NAD ratio (3 2) and therefore 
may continue in the presence of factors increasing fat mobilization to the liver. Camitine 
supplementation of ethanol fed animals resulted in a reduced fat accumulation in the liver 
and also reduced blood triglycerides (3). If the action of camitine in alcohol metabolism is 
dependent upon the redox state of the cell then differences in the isopropanol metabolism 
of NS and CS animals cannot be expected . If the role of camitine as a lipotropic agent is 
also dependent upon the redox state of the cell then there should be no reduction in the fat 
accumulation in the liver as a result of isopropanol. 
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5.2,3 Ethylene Glycol 
There was only a slight lowering of the blood ethylene glycol levels in the CS group 
which was reflected in non-significant reductions in absorption slopes and areas under the 
curve. Any direct action of carnitine on ADH would have been manifested in altered blood 
ethylene glycol concentration curves similar to those seen with ethanol administration to 
carnitine supplemented animals (4). 
Van Harken noted that the metabolism of ethylene glycol to glycolate and glyoxalate 
leads to an increase in the catalase activity (17) . Although catalase is thought to be a minor 
contributor to ethanol metabolism increases of catalase activity do result in increased rates 
of ethanol oxidation (46). Therefore, ethylene glycol may be of imponance in studying the 
role of carnitine in catalase activity. 
The interaction of carnitine, ethylene glycol and ethanol proved to be an enlightening 
and complex study . The blood ethylene glycol concentrations in the CS group were 
sligh tly lower than the NS group especially after the ethanol treannent. The peak blood 
ethylene glycol values and time to reach the peak were also slightly lower in the CS group 
than the NS group, but not significantly so. The slightly lower theoretical instantaneous 
distribution concentration of ethylene glycol in the CS group indicates that elimination of 
ethylene glycol commenced rapidly after the administration of ethanol, before absorption 
was completed. It was shown that the absorption of ethylene glycol alone in the rat 
required at least 6 hours (Table 4.14). This study allowed for the confirmation of the role 
of catalase in the attenuation of alcohol metabolism by camitine . If the ethylene glycol 
stimulation of catalase was affected by camitine then the blood ethanol levels of the CS 
group should have been affected. The blood ethanol levels after ethylene glycol 
administration to the CS animals were slightly elevated over the NS animals and the peak 
blood ethanol levels and times to reach the peak level were not different between the 
groups. A larger population and a reduced deviation in the ethylene glycol measurements 
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may have revealed a difference in the displacement of ethylene glycol by ethanol at ADH. 
It seems evident that the effect of carnitine on ethanol metabolism is not due to action at 
ADH. The 3 g/kg dose of ethanol is not a therapeutic dose according to the literature. 
This is considerably higher than the 0.6 g/kg dose suggested by Peterson et al (26) for 
treatment of ethylene glycol intoxication in humans. The blood ethanol concentrations were 
maintained between 100-200 mg/dl for the entire length of this study which is the range 
suggested as the optimal blood levels for displacing ethylene glycol at ADH in humans 
(26). In this study the total percent of the ethylene glycol dose excreted in rat urine was 
increased from about 20% with ethylene glycol alone to 35% with the ethanol treatment 
regardless of dietary treatment. 
5,3 Effects on the Absorption of Alcohols 
5,3,1 The fonnation of Micelles 
In aqueous solution species that are dominated by polar groups, such as methanol, 
exist as single molecules. When there is a balance between polar and non-polar groups a 
dynamic equilibrium exists between single molecules and micelles (48). The formation of 
micelles of acylcarnitines is a definite possibility in the camitine supplemented animals. 
Yalkowsky and Zografi (49) estimated the critical micelle concentration (CMC), the point at 
which micelle formation commences, of the cationic and zwitterionic forms of 
acylcamitines in water or 0.20 M KCl solution. The CMC results ranged from � .O X  10-1 
moles/liter for octylcarnitine to 8.5 X lQ-6 moles/liter f�r palmitylcarnitine. The ionization 
constants and surface potentials of the C12-16 acylcarnitine micelles are independent of 
chain length but highly dependent on ionic strength of the milieu. 
The role of acylcamitines as surface active agents has not been extensively 
investigated yet, however it must be thoughtfully considered. Danielli (48) lists the results 
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of micelle f onnation as follows: 1. If a physiological action is based on concentration of 
single molecules in solution then action may be independent of concentration . 2. As the 
number of carbons in the aliphatic chain increases, the physiologic activity tends to 
increase. A point is reached when micelle formation occurs before the concentration for 
maximal physiologic activity is attaine.d. 3. Substances can be inactivated by micelles. The 
example given from Danielli (Figure 5.2) shows the uptake of hexyl resorcinol retarded by 
complexation with micelles . 
Alcohols are known to react with micellar systems . Zana et al (5 0) found that the 
addition of alcohols to micellar systems decrease.d the CMC and increase.d the micelle 
ionization . The surfactant aggregation number increased with increasing surfactant 
concentrations. The alcohols were found to be solubilized in the palisade layer of the 
micelle, that is, the layer of the micelle below the ionic head group and above the core. The 
result of the addition of alcohols to micelles was to increase ionization, increase repulsive 
action and increase dispersion into smaller micelles . 
The pre sence of surface active agents at less than the CMC may result in enhance.d 
drug absorption across a number of membranes due to a direct action on the biologic 
membrane and not an interaction with the drug (5 1). Some basic assumptions about 
micellar systems in gastrointestinal absorption studies were outlined by Hem (5 1) who 
stated that, " 1) The micellar solution consists of two phases. 2) The partition ratio of drug 
between the micellar phase and the aqueous phase is  constant, independent of drug 
concentration; and 3) absorption of drug incorporated in the micelle is negligible . ."
Carnitine supplementation has been shown to increase the concentration of all carnitine 
fractions in the intestinal fluids of chow fed rats (52). Depending upon the amount of fluid 
in the gut lumen and the concentration of long-chain acylcarnitines (AIAC) in localized 
micro-environments of the intestine, the 15 3 nmoles of AIAC reported may be sufficient to 
generate micelles especially if alcohols lower the CMC . The study by Sachan and Berger · 
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Figure 5.2. Physiological activity and micelle fonnation. Part A shows the relationship 
between physiological activity and n, in a series CH3(CH2)nX, where the 
physiological activity is a function of the concentration of single molecules. Part B 
shows the prevention of pcnneation of hexyl resorcinol into Ascaris by micelle 
formation in a soap solution. 
Source: Danielli, J.F. (1968) Cell Physiology and Pharmacology, Hafner Publishing 
Company, New York, pp. 42-43. (ref .48) 
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(4) found, however no difference in the rate of ethanol absorption in the first 60 minutes. 
This would possibly indicate that sub-CMC levels of acylcamitines were not enhancing the 
absorption of ethanol and levels above the CMC were not retarding ethanol absorption by 
complex formation in the gut . 
5,3.2 Viscosity and Blood Flow 
The question of whether or not the physical properties of the alcohol played a role in 
the absorption and the effects of camitine must be addressed. Ethylene glycol is a viscous 
solution. A high viscosity solution may reduce absorption by increasing gastric emptying 
time , increase intestinal transit rate, reduce the movement to the absorptive surf ace or 
reduce the ability of the drug to come into intimate contact with microvilli (51). The effect 
of a viscous solution such as ethylene glycol on ethancl absorption might show similar 
result s to that with methyl cellulose as shown by Hem (51 ). Ethanol absorption was 
decreased with increasing viscosity. 
Camitine supplementation could have effecte.d regional differences  in blood flow to 
the intestines and that was the cause of differences in blood levels of the alcohol . Figure 
5.3 clearly shows that blood flow increases  should have influenced all the alcohols used in 
this study as the absorption of all the alcohols used in this study were increased by 
increased blood flow. 
5.4 The PisPosition of Alcohols in the Urine 
The effect of camitine supplementation on the excretion of alcohols in the urine was 
fairly consistent with all the alcohols used in this study . The urinary alcohol concentrations 
in the CS animals were increase.cl especially in the sample collecte.d in the first two hours 
after the gavage.  The volume of urine was �ignificantly increased in the 2 and 4 hour 
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Figure 5.3.  Influence of intestinal blood flow on absorption. 
Source: Rowland, M. (1973) Effect of some physiological factor in bioavailability of oral 
dosage form. In: Current Concepts in the Pharmaceutical Sciences, Dosage Form Design 
and Bioavailability (Swarbrick, J., ed.) Lea and Febiger, Philadelphia, pp. 1 8 1 -222. 
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collections of the CS group with methanol and isopropanol but not in either of the 
ethylene glycol studies. The total excretion of alcohol in CS animals was significantly 
increased at 2 and 4 hours post gavage with methanol and isopropanol but only sightly 
increased at 2 hours post gavage with ethylene glycol. The percentage of the dose excreted 
by the CS groups was increased above the NS group with all alcohols studied and was 
significantly elevated with methanol and isopropanol. The urinary clearance was nearly 
doubled in the CS animals treated with methanol, isopropanol or ethylene glycol and 
ethanol. The urinary clearance of ethylene glycol alone was only slightly increased by 
camitine supplementation. 
The fact that camitine stimulated increases in urine volume were seen with methanol 
and isopropanol but not with ethylene glycol points to other factors that need to be 
investigated. One such factor in this regard is the total fluid load given to the animal with 
the alcohol dose. The methanol, isopropanol and ethanol were given as 13% (v/v) solut ion 
which amounted to an average gavage volume of 10 ml. The ethylene glycol was given as 
a 1 :  1 diluted solution and the gavage was usually less than 3 ml. The fluid load of the 
ethylene glycol test animals was much lower than the fluid load of the other alcohols. 
In a study shown in the appendix, the hypothesis that fluid load of the animal was 
influencing the carnitine mediated increased alcohol excretion in the urine was investigated . 
Animals were fed either a chow diet or a nutritionally adequate liquid diet with or without 
camitine supplementation. Animals fed the liquid diet consumed more than twice the fluid 
of chow fed animals (Table A- 1. 1) and the urine output was increased 5 to 6 fold .  
The effect of a gavage of water equal to  a dose of 3 g/kg of ethanol on urine output 
and creatinine concentration is shown in the lower halves of Tables A- 1.2 and A- 1.3. The 
water or ethanol gavage given to carnitine supplemented chow fed animals increased the 
urine volume in the first 4 hours after gavage resulting in a lower crcatinine excretion. 
However, the water or ethc111ol gavage given to carnitine supplemented animals fed the 
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liquid diet resulted in a reduced urine output at all collection times up to 4 hours and 
increased the creatinine concentrations in the urine. In this study (Appendix), the 
excretion of ethanol in the urine of CS animals was non-significantly increased in the chow 
diets. Carnitine supplemented animals fed liquid diets showed a significant decrease in the 
excretion of unchanged ethanol in urine (Tables A-1 .4, A- 1 .5) compared to NS liquid diet 
controls. It can therefore be recommended that further studies of the influence of carnitine 
on alcohol metabolism must include a careful consideration of the fluid load given with the 
alcohol dose. 
It has been suggested in informal discussions with other researchers that the effect of 
camitine on increasing urinary excretion of alcohols is a general non-specific effect due to 
changes in solute load or some other factor. Sachan and Berger (54) reported the results of 
a study with control, camitine supplemented and choline supplemented rats. In this study 
they found no differences between the control and the choline supplemented animals in 
clearance of ethanol. Qearance of ethanol in the CS group was increased. The urinary 
concentrations of ethanol were elevated in the CS group and this effect was not 
reproducible by choline. Choline supplemented animals did not show the same effects on 
blood ethanol concentrations and thus the effects of carnitine were deemed to be specific. 
9 3  
CHAPTER 6 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
6,1 Summazy 
The influence of carnitine supplementation on the disposition of selected alcohols was 
studied. Supplementary carnitine decreased the blood methanol concentrations and the 
blood ethylene glycol concentrations when followed by an ethanol treatment. The role of 
carnitine in the metabolism of methanol, isopropanol and ethylene glycol cannot be directly 
stated from this study. The urinary concentration of unchanged methanol and isopropanol 
was increased by the carnitine supplementation . Urine volumes of CS animals were also 
significantly increased with methanol and isopropanol resulting in a near doubling in the 
amount of alcohol excreted unchanged in the urine. This is of limited clinical significance. 
The fluid load given at the time of dosing appears to have greatly complicated 
interpretations of the effect of carnitine on the disposition of alcohols. 
6 2 Conclusions 
1 . Camitine supplementation resulted in significant reductions in the blood 
methanol concentrations and blood ethylene glycol concentrations after ethanol treatment. 
2 .  Methanol and ethylene glycol utilize to a certain extent catalase/peroxidase 
pathways for primary or secondary metabolism. The extent of the involvement of catalase 
cannot be fully deduced at this time. 
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3. The action of carnitine to attenuate blood ethanol concentrations does not appear 
to be in limiting the action of alcohol dehydrogenase (ADH) as blood ethylene glycol 
concentrations were not similarly effected. 
4 .  Camitine does influence the disposition of alcohols because alterations in urinary 
volume and urinary concentrations of methanol and isopropanol were seen during the first 
2 to 4 hours after dosing. 
5. The effect· of carnitine on the urine volume is variable with the fluid load given to 
the animal at the time of dosing and the state of hydration of the animal. 
6,2 Recommendations for Furure Research 
Future studies are needed in the area of camitine and the metabolism of alcohols and 
other environmental toxicants. An example of a research area is the potentiation of carbon 
tetrachloride poisoning by previous exposure to isopropanol or acetone. Cote et al (55) 
found that exposure to a 2.5 ml/kg single oral dose of isopropanol 18 hours before a dose 
of 0. 1 ml/kg of carbon tetrachloride resulted in alterations in liver structures comparable to 
a 1. 0 ml/kg carbon tetrachloride dose. The possibility :hat carnitine provides a protective 
effect to this damage is of great interest and brings to the forefront the role of carnitine 
nutriture in health and wellness. 
Kamil et al ( 1 )  discussed the conjugation ( esterification) of alcohols with each other 
during alcoholic fermentation. Carnitine may also conjugate (esterify) directly to alcohols as 
a metabolic or detoxication pathway. Bieber (33) mentions the presence of unusual 
acylcarnitines but their functions or sources are not yet known. Carnitine also functions in 
the metabolism of ketones and this may play a direct or indirect role in the metabolism of 
higher alcohols. 
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The role of carnitine in the induction of the peroxisomes needs more investigation. 
This investigation must include the measurement of the activities of hydrogen peroxide 
generating systems as they function together with catalase. The use of inhibitors of enzyme 
systems such as 3-amino-1 ,2,4-triazole may lead to precise definition of the site of carnitine 
action. 
The role of carnitine in the prevention of isopropanol induced fatty liver is a high 
priority for future research. Since the mechanism of isopropanol induced fatty liver is 
different from ethanol induced fatty liver the elucidation of this difference may indicate new 
metabolic roles of carnitine in the body. 
The effect of simultaneous administration and post-dosage administration of carnitine 
in alcohol intoxication needs additional studies to elucidate a possible role of carnitine as an 
antidote to overdoses and accidental exposure to environmental alcohols. The potential for 
increased excretion of unchanged alcohols is shown by the methanol study and holds 
certain promise of reward. 
The state of hydration of the animals in future experiments involving carnitine and the 
urinary excretion of toxicants or endogenous substances must be carefully controlled to 
avoid confounding the data. The nature of the effect of camitine on the kidney function, 
especially in the excretion of alcohols, is an important subject for further investigation. 
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Table A-I.I. Urine and Diet Parameters from Rats l•ed Chow or Liquid Viets. 
.Parameter I 
--
Urine Oulput (ml) 
Liquid NS 57 .4 ± 1 .66(5) 
cs 69 .6 ± 2.08(5) 
(.0018 ) 
Chow NS 13.9 ± 0.71(9) 
cs 10.8 ± 0.97(5) 
(.023 J 
Crc.atininc Ellcrction (µmolc/g BW-hour) 
Liquid NS 0.012± .000(5) 
cs 0.014 ± .(XX)(5) 
Chow NS 0.018 ± .001(9) 
cs 0.022 ± .001(5) 
(.038 J 
Body Wl'ight (g) 
Liquid NS 289.2 ± 5.52(5) 
cs 305.8 ± 3.24(5) 
(.032 1 
Chow NS 303.8 ± 9.53(9) 
cs 290.0 ± 4.48(5) 
(.325 J 
Auid Intake (ml) 
Liquid NS 85.6 ± 0.40(5) 
cs 102.0 ± 3.00(5) 
[.0006 J 
Chow NS 34.1 ± 1.64(9) 
cs 40.2 ± 2. 18(5) 
[.046 1 
FJ1ergy lnt.1M. (kcal) 
Llt1uid NS 85.60 ± 0.40(5) 
cs 102.UO ± 3.00(5) 
( .0006 J 
Chow NS 76.50 ± 4.49(9) 
cs 103.70 ± 4.57(5) 
( .(JOI) J 
D'Jys on Diel 
-
2 3 4 
68.4 :t 1 .94(5) 
59.8 ± 3.44(5) 59.6 ± 1.88(5) 54.0 ± 2.92(5) 
[.061 J 
12.6 ± 1 .22(4) 12.8 ± 1.79(4) 
1 1 .8 ± l. 16(5) 9.1 ± 0.84(5) 8.82 ± 0.97(5) 
(.091 J 
0.012 ± .000(5) 
0.01 1 ± .001(5) 0.012 ± .000(5) .013 ± .000(5) 
[.002 J 
0.0 17  ± .001(4) 0.019 ± .001 (4) 
0.022 ± .002(5) 0.019 ± .001(5) 0.019 ± .001(5) 
(.105 J 
289.4 ± 10.3 1 (5) 
305.8 ± 3.24(5) 305.8 ± 3.24(5) 305.8 ± 3.24(5) 
r.032 1 
325.0 ± 1 5.4(4) 315.2 ± 15.4(4) 
290.0 ± 4.48(5) 290.0 ± 4.48(5) 290.0 ± 4.48(5) 
(.046 1 (.046 1 
104.8 ± 1 .65(5) 
99.8 ± 3.31(5) 96.4 ± 2.43(5) 91 .8 ± 4.09(5) 
f.213 1 
38.2 ± 1.79(4) 44.S ± 2.72(4) 
37.4 ± l .72(5) 4 1 .0 ± 259(5) 37.8 ± l .98(5). 
104.80 ± 1 .65(5) 
9'J.8U± 3.31(5) 96.40 ± 2.43(5) 9 1 .80 ± 4.09(5) 
( .2 1 3  J 
8 1 .60 ± 6.33(4) 88.5 1 ± 4.09(4) 
JO l . l  5 ± 4.07(5) 99.45 ± 3.29(5) 93.16 ± 4.01(5) 
f .029 J (.073 J 
5 
S6.60 ± 2.64(5) 
8.24 ± 1 .12(5) 
0.014 ± .000(5) 
0.017 ±,001(5) 
305.8 ± 3.24(5) 
300.0 ± 6.20(5) 
94.2 :t. 2. 75(5) 
33.4 ± 1.54(5) 
94.20 ± 2.75(5) 
90. 78 ± 3.49(5) 
Values arc means ± SEM. Levels or signific.u1cc for lliffcrc,iccs compared by l tcst at P>lt I arc shown in brackets. Values in JXlfCnthcsc.-; arc numbers 




Table A-1.2. Excretion of Camitine in Urine from Rats Fed Chow Diel� Following Gava�e . 
Collection Times (Hours Post Gavage) 
Parameter Baseline 






















412.16 ± 76.21 (4) 
18766.00 ± 2293.0(5) 
(.0002 1 
18. 76 ±. 4.08( 4) 
405.72 ± 120.2(2) 
(.0064 1 
3.52 ± 0.70(4) 




76.57 ± 24.64(4)• 
1879.68 ± 317.8(5)• 
(.002 1 
58.93 ± 1 5.7 1(3) 79.69 ± 30.91(3) 
2892.20 ± 573.6(5) 1432.44 ± 33 1 .2(5) 
(.01 1 1 [.02 1 
29.39 ± 16.57(4)* 
632.50 ± 213. 1 (3)* 
(.020 1 
9.03 ± 3.24(2) 8.78 ± 2.96(3) 
295.98 ± 44.24(5) 431 . 14 ± 90.01(5) 
(.010 1 [.012 1 
0.86 ± 0. 13(4)* 
7.83 ± 1 .87(5)• 
[.014] 
1 .97 ± 0.01 (3) ... 








624.20 ± 86.04(4) 
10212.70 ± 867.6(5) 
(.002 1 
547.96 ± 97.07(3) 
10253.20 ± 779.7(5) 
(.0001] 
123. 15 ± 24.71(4) 
414.00 ± 9.00(2) 
[.012 ] 
46.69 ± 29 .60(3) 
2921 .50 ± 908.21(5) 
[.055 1 
1 .58 ± 0.80(3) 
46.71 ± 1 1 .38(5) 
(.025 J 
1 .52 ± 0.47(3) 
22.59 ± 1 .41(5) 
[.0001] 
Table A-1.2. Excretion of Camitine in Urine from Rats Fed Chow Diets Following Gava,=e (rontinued). 
Collection Times (Hours Post Gavage) 
--
Parameter Baseline 0-2 2-4 4-6 6-24 
Camitine Fraction (nmol�ml) 
Total Camitine 
Water Gavage 
NS 434.42 ± 73.00(4 106.87 ± 15.53(4)* ... 748.53 ± 107.25(4) 
cs 19022.20 ± 2368.5(5) 2267.01 ± 283.6(5)* ... 10359.46 ± 1888.2(5) 
(.0002 1 (.0003 1 (.003 1 
Ethanol Gavage 
NS 66.93 ± 19.90(3) 88.47 ± 30.20(5) 1 .52 ± 125.58(3) 
-4 cs '3077 .46 ± 562.2(5) 1867.27 ± 420.0(5) 13196.40 ± 1601 .5(5) 
0 (.007 1 (.019 1 (.001) 
01 
litm OutDut (ml) 
Water Gavage 
NS 12.75 ± 1 .79(4) 5.20 ± 0.68(4)* 1 .38 ± 0.49(4) 7.70 ± 1 .89(4) 
cs 8.24 ± 1 . 1 2(5) 6.36 ± 0.59(5)* 1 . 16 ± 0.39(5) 10.90 ± 0.89(5) 
(.061 1 (.223 1 (. 145 ] 
Ethanol Gavage 
NS 6.20 ± 0.20(3) 1 .66 ± 0.48(3) 0.00 ± 0.00(3) 7 .33 ± 1 .28(3) 
cs 6.80 ± 0.52(5) 2 . .56 ± 0.53(5) 0.52 ± 0.32(5) 9.28 ± 0.66(5) 
(.298 1  (.268 1 (. 198 ] 
Otttinine BxmtiQn cumo1e1m11 
Water Gavage 
NS 1 1.78 ± 1 .61(4) 3.99 ± 0.60(4)• 6.41 ± 1.5 1 (4) 13.55 ± 1 .89(4) 
cs 15.20 ± 1 .29(5) 2.32 ± 0.25(5)* 4.92 ± 0.27(4) 9.53 ± 0.95(5) 
(.026 1 [.370 ] (.080 1 
Ethanol Gavage 
NS 2.98 ± 0.37(3) 4.91 ± 0.94(3) ... 14.44 ± 1 .71(3) 
cs 1 .46 ± 0.28(5) 1 .82 ± 0.33(5) 5.82 ± 1 .37(2) 9.56 ± 0.49(5) 
(.017 1 (.01 3 1  (.013 1 
Values are means ±  SEM. 1..cvcls of signifJCancc for differences compam:I by t test at P>lt I arc shown in brackets. Values in 
parentheses are numbers of animals in groups. Asterisk indicates combined 2 and 4 hour sample. Baseline is a 24 hour 




Table A- 1.J. Excretion of Carnitine in Urine from Rats .,,ed Liquid Diets Following Gavage . 
Parameter 
Camitine Fraction (nmole�ml) 
Non-Eslcrified 
Collcc1ion Times (I lours Post Gavage) 
Baseline 0-2 2-4 
Water Gavage 
NS 13.39 ± 4.28(5) 3.04 ±... 0.61 (5) 6.97 ± 1 .64(5) 
4-6 


















(.001 ] (.030 ] 
... 
(.0001 1 
1 .62 ± 0.32(5) 
64.87 ± 23. 15(3) 
[.009 ] 
l .62 ± 0.22(5) 
3.89 ± 1 .39(5) 
l. 159 J 
2.58 ± 0.54(5) 2.00 ±.. 0.46(5) 
2632.6() ± 236.3(5) 1883.80 ± 339.7(4) 
[.0004 J (.007) 
2.40 ± 0.35(5) 
207.08 ± 80. 1 (5) 
[.022 ] 
9.00 ± 1 .42(5) 
743.75 ± 429.9(2) 
(.0 J 
0.64 ± 0.4 1(4) 2.38 ± 0.40(5) 
204.90 ± 53.94(3) 128.20 ± 0.00(1)  
( .006 ]  [.001 ] 
1 .41  ± 0. 1 8(5) 
4.88 ± 1 .29(5) 
(.029 ] 
1 .64 ± 0. 1 5(5) 
6.97 ± l .40(5) 
[.006 J 
... 
6.75 ± 4.36(2) 
... 
2.33 ± 0.48(4) 
6-24 
13.53 ± 1 .80(5) 
1084.74 ± 1 10.4(5) 
[.00 1 
2.89-± 0.36(5) 
2433. 1 2  ± 573.3(5) 
l1 
1 .67 ± 0.48(5) 
20.80 ± 0.00(1)  
(.001 ] 
3.7 1 ±. 0.78(5) 
· 154.92 ± 57 .0(5) 
[.029 J 
14.30 ± 0.30(5) 





Table A-J .3. Excretion of Camitine in Urine from Uats l•ed Li<1uid Diets Following Gavage (continued). 
Collection Times (I lours Post Gavagc) 
--
PJrameter Baseline 0-2 2-4 4-6 6-24 
Camitine Fraction (nmoles/ml) 
Total Camirine 
Water Gavage 
NS 16.30 ± 4.27(5) 6.84 ± 0.45(5) 15.97 ± 2.95(5) 1 5.20 ± 1 .83(5) 
cs 2120.02 ± 3 17.9(5) 3560.48 ± 629.6(5) 3899.95 ± 1559.6(2) ... l 1!)3.20 ± 1 15.9(5) 
[.0005 ] [.0053 ] [.007 ] 
Ethanol Gavage 
NS 4. 73 ± 0.52(5) 4.38 ± 0.69(5) 6.02 ± 0.61 (3) 
cs 2762.44 ± 240.2(5) 19 18. 1 8  ± 357.2(4) 2596.00 ± 625.3(5) 
[.0001 ] [.O ]  [.003] 
Urine Otu12ut {ml} 
Water Gavage 
NS 68.40 ± 1 .94(5) 8.00 ± 0.44(5) 3.36 ± 0.57(5) 1 .64 ± 0.7 1 (5) 58.80 ± 2.27(5) 
cs 53.80 ± 2.7 1 (5) 7.96 ± 0.54(5) 1 . 16  ± 0. 79(5) 1 .56 ± 0.24(5) 46.20 ± 2.27(5) 
(.002 J [.050 ] [.0044 ] 
Ethanol Gavagc 
NS 6.5.00 ± 2.45(5) 8. 16  ± 0.80(5) 4.08 ± 0.52(5) 1 .52 ± 0.44(5) 45.60 ± 3.37(5) 
cs 5 1 .40 ± 3.41 (5) 7 .24 ± 0.33(5) 2.36 ± o. 76(5) 2.80 ± 0.42(5) 38.80 ± 7.01(5) 
l.012 1 
Crearinine Excretion (l!molclml} 
Water Gavage 
NS 1 .22 ± 0.()4(5) 0.79 ± 0.06(5) 2. 17 ± 0.42(5) 2. 16 ± 0.52(3) 1 .04 ± 0.03(5) 
cs 1 .75 ± 0. 14(5) 1 .21  ± 0. 1 8(5) 2.04 ± 0.94(2) 4.58 ± 0.47(5) 1 .59 ± 0. 10(5) 
[.052 J [.0008 J 
Ethanol Gavage 
NS 1 .38 ± 0.02(5) 0.8 1  ± 0.03(5) 1 .26 ± 0.06(5) 3.77 ± 0.55(4) 1 .2 1  ± 0.09(5) 
cs 1 .87 ± 0.20(5) 1 .26 ± 0. 1 1  (5) l .M ± 0.21 (4) 2.56 ± 0.26(5) 2. 14  ± 0.39(5) 
1 .044 J [ .005 I L.<J98 J [.069 J [.052 J 
Values arc means ± SEM. Levels of significance for differences compared by t test at P>lt I are shown in brackets. Values in 
parentheses arc numbers of animals in groups. Baseline is a 24 hour collection made prior to any tests or gavages. 
Table A-1.4. Excretion of Unchanged Ethanol in Urine from Rats Fed Chow Diets. 
--
Collection Times (I lours Post Ethanol Administr.u.ion) 
P..ir..mctcr 0-2 2-4 4-6 6-24 24 hour IOtal 
Concentration 
NS (mg/ml) 1.82 ± 0.24(5) 1 .93 ± 0.07(3) 0. 13 ± 0.068(3) 1 .04 ±. 0.06(3) 
cs 2.27 ± 0.24(5) 2.21 ± 0.24(5) 2. 13  ± 0.42(2) 0. 15 ± 0.068(5) 1.24 ± 0.17(5) 
NS(µmolc/ml) 40.44 ± 5.33(5) 42.96 ± t .48(3) 2.96 ± 1 .52(3) 23. 16 ±. 135(3) 
cs 50.48 ± 5.33(5) 49.07 ± 5.25(5) 47.44 ± 9.44(2) 3.38 ± 1 .51(5) 27.59 ± 3.85(5) 
(.261 J 
Urine Output CmD 
NS 6.20 ± 0.20(3) 1 .66 ± 0.48(3) 0.00 ± 0.00(3) 7.33 ± 1 .28(3) 15.20 ± 1.38(3) 
-I. 
cs 6.80 ± 0.52(5) 2.56 ± 0.53(5) 0.52 ± 032(5) 9.28 ± 0.66(5) 19.� ± 0.71(5) 
0 
()) 
[.O J (.031 J 
Iotal E•baool E1u:�lioo 
NS(mg) 1 1 .27 ± 1 .42(3) 3.26 ± 1.01(3) 1 .09 ± 0.67(3) 15.67 ± 0.55(3) 
cs 15.64 ± 2.27(5) 5.81 ± 1.43(5) 2.82 ± 0. 77(2) 1.26 ± 0.45(5) 23.86 ± 3. 74(5) 
NS(JJmolc) 250.40 ± 31 .65(3) 72.59 ± 22.41(3) 24.38 ± 14.92(3) 348.30 ± 12.21(3) 
cs 347.60 ± 50.47(5) 129.08 ± 31 .84(5) 62.62 ± 17  .02(2) 27.91 ± 10.02(5) 530.28 ± 83.07(5) 
(.220 J [.261 J (.152 J 
��git o( � fx!;;�tcd 
NS 1 .22 ± 0. 17(3) 0.35 ± 0.00(3) 0. 1 1  ± 0.07(3) 1.68 ± 0.01(3) 
cs I .  75 ± 0.26(5) 0.66 ± 0. 18(5) 0. 13  ± 0.08(2) 0. 15 ± 0.06(5) 2.68 ± 0.45(5) 
(.207 J (.255 J [.297 J (.150 J 
I hmrl)'. Elhanol f;x��tion 
NS(mg/g DW·hour) O.O IR  ± .002(3) 0.005 ± .001(3) 0.004 ± .002(3) 0.002 ± .0001(3) 
cs 0.026 ± .004(5) 0.009 ± .001(5) 0.005 ± .001(2) 0.005 ± .002(5) 0.003 ± .0005(5) 
NS(µmolc/g DW:hour) 0.405 ± 0.()55(3) 0.232 ± 0.067(3) 0.000'2 ± .<XX>l(3) 0.047 ± .003(3) 
cs 0.579 ± 0.008(5) 0.435 ± 0. 1 14(5) 0. 105 ± 0.03 1(2) 0.0002 ± .<XX>l(5) 0.074 ± .013(5) 
[.2 10 J 1.25 1 J (. 151 J 
Vt1fttelt MC � ±  �EM. l�vcts or significance for differences compared by t tesl al P>lt I arc shown in brackets. Values in parcnlhcscs arc 
numbers or animals in groups. 
TulJle A-1.5. Excretion or Unchanged Ethanol 111 Urine from Rats Fed Liquid Diets. 
Collection Times (I lours Post Ethanol Administration) 
Parmnclcr 0-2 2-4 4-6 6-24 24 hour IOOll 
Conccn1ra1ion 
NS (mg/ml) 1.73 ± 0. 13(5) 1 .93 ± 0.10(5) 1.57 ± 0. 10(4) 0.031 ± 0.019(5) 0.44 ±. 0.03(5) 
cs 1 .34 ± 0. 12(5) 1 .39 ± 0.03(4) 1.04 .± 0.05(5) 0.030 .± 0.004(5) 0.37 ± 0.06(5) 
NS(µmolc/ml) 38.44 ± 2.7 1(5) 42.84 ± 2.33(5) 35.00 ± 2.20(4) 0.76 ±0.2 1(5) 9.86 ±. 0.76(5) 
cs 29.78 ± 2.47(5) 3 1 .05 ± O.n(4) 23.07 ± 2.20(5) 0.67 ± 0.10(5) 8.23 .± 1 .40(5) 
(.045 J (.003 J 
Urine Ouu,ut Croll 
-A NS 8. 16 ± 0.80(5) 4.08 ± 0.52(5) 1 .52 ± 0.44(5) 45.60 ± 3.37(5) 59.36 .± 3.22(5) 
0 cs 7.24 ± 0.33(5) 2.36 ± 0.76(4) 2.80 ± 0.42(5) 38.80 ± 7.01(5) 51 .20 .± 7.53(5) 
<O (.0 J 
Imai Elbm Em�lioo 
NS(mg) 14. 18 ± 1 .84(5) 1.80 ± 1 .03(5) 3.06 .± 0.64(4) 1.63 ± 0.53(5) 25.98 ± 1 .24(5) 
cs 9.10 ± 0.97(5) 4.07 ± 0.84(4) 290 ± 0.44(5) 1 .07 ± 0.16(5) 17.15 .± 0.59(5) 
NS(µrnole) 315.26 ± 40.84(5) 173.35 ± 22.82(5) 68.04 ± 14.24(4) 36.22 ± 1 1 .89(5) 511.42 ± 27 .64(5) 
cs 215.52 ± 21 .63(5) 90.53 ± 18.79(4) 64.47 ± 9.75(5) 23.69 ± 3.66(5) 381 .03 .± 13.24(5) 
�B;�nt Q{ � Ex,�tgl 
NS 1 .64 ± 0.20(5) 0.91 ±0, 1 3(5) 0.29 ± 0.10(5) 0. 18 ± 0.06(5) 3.02 ;t 0.16(5) 
cs 0.95 ± 0.09(5) 0.32 ± 0. 10(5) 0.28 ± 0.04(5) 0. 12 ± 0.03(5) 1 .67 ± 0.04(5) 
(.01 J (.007 J (.0001 J 
lloorlx Ethanol Ex,a.li<>o 
NS(mg/g BW-hour) 0.023 ± .003(5) 0.0 13 ± .001(5) 0.005 ± .001(4) 0.0003 ± .0001(5) 0.004 ± .0002(5) 
cs 0.014 ± .001(5) 0.006 ± .001(4) o.� ± .001(5) 0.0001 .± .0000(5) 0.002 ± .0001(5) 
NS(µmolc/g BW·hour) 0.52 ± 0.06(5) 0.29 ± 0.(>4(5) 0.23 ± 0.05(4) 0.006 ± .002(5) o.� ± .004(5) 
cs 0.31 ± 0.03(5) 0. 13 ± 0.03(4) 0. 19 ± 0.03(5) 0.004 ± .001(5) 0.047 ± .001(5) 
(.018 J 1.018 J (.253] [.001 J 
Vaftte! MC me:,m !: SEM. Lcvcls or signi£ic:mcc for dilrcrcnccs comJJarcd by t test at P>lt I arc shown in brackets. Values in parentheses arc 
numbers of animals in groups. 
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